Renal risk markers and patient prognosis in chronic kidney disease by Velde, Marije van der
  
 University of Groningen
Renal risk markers and patient prognosis in chronic kidney disease
Velde, Marije van der
IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.
Document Version
Publisher's PDF, also known as Version of record
Publication date:
2013
Link to publication in University of Groningen/UMCG research database
Citation for published version (APA):
Velde, M. V. D. (2013). Renal risk markers and patient prognosis in chronic kidney disease. [S.n.].
Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).
Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.
Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the









Renal risk markers and patient prognosis in 
chronic kidney disease 
1
1 Marije van der Velde 
Renal risk markers 
and patient prognosis in 
chronic kidney disease 
Marije van der Velde 
2013 
Financial support for the publication of this thesis was kindly provided by: 
Baxter B.V.; Boehringer lngelheim B.V.; B. Braun Medical B.V.; Gambro 
Lundia AB, NL Branch; GUIDE; Rijksuniversiteit Groningen; Sanofi; Shire 
Pharmaceuticals; UMCG. 
ISBN 978-90-367-6157-4 
Design cover: Promotie In Zicht, Arnhem 
Lay-out: Promotie In Zicht, Arnhem 
Print: lpskamp Drukkers, Enschede 
© Marije van der Velde, 2013 
All rights reserved. No parts of this publication may be reported or transmitted, 
in any form or by any means, without permission of the author. 
Stellingen behorend bij het proefschrift 
'Renal risk markers and patient prognosis in chronic kidney disease' 
1. De aanwezigheid van een verhoogde hoeveelheid albumine in de urine is geassocieerd met 
een versnelde achteruitgang in nierfunctie, onafhankelijk van bloeddruk en diabetes status. 
Dit proefschrift 
2. Zowel een verminderde nierfunctie als een verhoogde hoeveelheid albumine in de urine zijn 
onafhankelijke risicomarkers voor sterfte. Dit proefschrift 
3. Het risico op hart- en vaatziekten dat geassocieerd is met een verminderde nierfunctie is 
gelljkwaardig voor Jongeren en ouderen. Dit proefschrift 
4. De stadiering van chronische nierschade hoort de prognose van de patient te weerspiegelen, 
zodanig dat het gezondheidsrisico toeneemt bij toename van het stadium chronische 
nierschade. Dit proefschrift 
5. De aanwezigheid van albuminurie bij patienten met het metabool syndroom is geassocieerd 
met een verhoogde kans op complicaties van dit syndroom. Dit proefschrift 
6. Het selecteren van hoog risicogroepen voor screening op chronische nierschade kan beter 
plaatsvinden door pre-screening op urine albumine dan door selectie op basis van bekende 
risicofactoren voor chronische nierschade. Dit proefschrift 
7. Screening is alleen van toegevoegde waarde als opgespoorde patienten in aanmerking 
komen voor een behandeling die hun prognose ten gunste be'invloedt. Dit proefschrift 
8. Hoe meer ik weet, hoe beter ik weet wat ik niet weet. Naar Socrates 
9. De verwachting dat mijn generatie door moet werken tot het 70e levensjaar impliceert dat 
gestreefd zou moeten worden naar een duurzaam carriereverloop. 
10. Zolang er meer medische fouten word en gemaakt tijdens avond-, nacht- en 
weekenddiensten is er verbetering mogelijk in de organisatie van de zorg. 
11. Artsen zouden het aloude adagium 'wie niet goed voor zichzelf zorgt, kan ook niet voor een 
ander zorgen' vaker op zichzelf moeten betrekken. 
12. Geluk vermenigvuldigt zich door het te delen. Naar G Cesbron 
M ift�w-�lfi. Velde 
M"�c:�hf 









Renal risk markers 
and patient prognosis in 
chronic kidney disease 
Proefschrift 
ter verkrijging van het doctoraat in de 
Medische Wetenschappen 
aan de Rijksuniversiteit Groningen 
op gezag van de 
Rector Magnificus, dr. E. Sterken 
in het openbaar te verdedigen op 
12 juni 2013 
om 14.30 uur 
door 
Marije van der Velde 









:... _____ _ 
Pro motor: Prof. dr. P.E. de Jong 
Copromotor: Dr. R.T. Gansevoort 
Beoordelingscommissie: Prof. dr. C.A.J.M. Gaillard 
Prof. dr. J.F.M. Wetzels 






Chapter 1 Introduction 9 
Chapter 2 Screening for albuminuria identifies patients at increased renal risk. 21 
Chapter 3 The association between renal function and cardiovascular events 43 
depends on the measure of eGFR and is modified by age. 
Chapter 4 Lower estimated glomerular filtration rate and higher albuminuria 61 
are associated with all-cause and cardiovascular mortality. 
A collaborative meta-analysis of high-risk population cohorts. 
Chapter 5 Do albuminuria and hs-CRP add to the current International 113 
Diabetes Federation definition of the metabolic syndrome in 
predicting outcome? 
Chapter 6 Screening for chronic kidney disease: where does Europe go? 135 
Chapter 7 Comparison of the yield of different screening approaches to detect 153 
chronic kidney disease. 
Chapter 8 Summary, general discussion and future directions 175 
Samenvatting, discussie en toekomstperspectief 
Dankwoord 












In 2002, the term chronic kidney disease (CKD) was introduced as a generic term for 
chronic insufficiency of kidney function or kidney damage, regardless of the underlying 
pathology.1 CKD was defined by the level of kidney function expressed by glomerular 
filtration rate (eGFR), and/or by the presence of kidney damage like increased albuminuria, 
urinary sediment abnormalities or renal abnormalities discovered with imaging techniques 
(Table 1). Abnormalities should be present for at least three months. With the definition of 
CKD, five stages of CKD were introduced, which are based on the level of eGFR, with stage 1 
being the mildest stage of chronic kidney disease and stage 5 being kidney failure (Table 1). 
As is shown in Table 1, only the first two stages, in which subjects have normal or subnormal 
glomerular filtration rate, require other signs of kidney damage to diagnose a patient with 
CKD.1 
Table 1 Staging of chronic kidney disease 
eGFR (ml/min/1.73m2) Other signs of kidney damage 
Stage 1 �90 + 
Stage 2 89-60 + 
Stage 3 59-30 -I+ 
Stage 4 29-15 -I+ 
Stage 5 <15 -/+ 
After the introduction of the generic term CKD it appeared that CKD is a common 
health problem, with a prevalence of about 10-13% in countries all over the world.2-4 The 
majority of these CKD patients are unaware of having CKD, since especially in the early 
stages of CKD, most of them have few or no symptoms.5 Not only among patients, but 
also among primary care physicians there used to be little knowledge about the impact 
and treatment of CKD.6 This unawareness is an important public health concern, since 
CKD is associated with a diverse array of adverse health outcomes.1 One of these adverse 
health outcomes is progression of kidney disease, resulting in aggravation of CKD related 
symptoms and diseases and eventually kidney failure.4-7 Although only a minority of 
patients reach kidney failure, the need for renal replacement therapy has an enormous 
negative impact on a patient's wellbeing and life expectancy8•9 and also imposes high 
costs on society (for example, 1 year of hemodialysis in the Netherlands costs about Eur 
84.00010). Furthermore, CKD does not only carry the risk of progression towards kidney 
failure, it also increases the risk of cardiovascular morbidity and mortality.11 
It has been postulated that subjects with CKD should be identified by screening, 
preferably in the early stages of disease, to be able to start treatment for CKD as early as 
possible and thereby prevent or delay the previously mentioned adverse health outcomes 
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that are associated with CKD.12 However, discussion has grown whether truly all CKD 
patients, which comprise about 10% of the general population, are indeed at increased 
risk of adverse health outcomes and whether all these patients should be closely 
monitored and treated. Some studies have found that a large part of CKD patients do not 
show progressive kidney function decline during follow-up.13 15 Therefore, if screening for 
CKD should be initiated to prevent adverse health outcomes, it is important to be able to 
distinguish subjects with CKD at higher versus lower risk of adverse health outcomes. For 
this purpose there is a quest for (novel) kidney markers that are associated with high risk 
of adverse outcomes. 
CKD markers associated with increased risk of progressive 
kidney function decline 
Subjects with a decreased glomerular filtration rate have been shown to be at increased 
risk of developing kidney failure compared to subjects with normal GFR.4•7·16·17 However, 
not all subjects with a low GFR do progress to kidney failure. As has been mentioned 
before, some studies have found that a large part or even the majority of CKD patients, do 
not show progressive kidney function decline during follow-up.13 15 Concurrently, it has 
been shown that a single measurement of eGFR is not a reliable predictor of future decline 
in kidney function.'8 Therefore, interest in other markers of kidney damage that are 
associated with progression of kidney function decline has risen. A well-known marker of 
kidney damage that is associated with progressive kidney function decline and increased 
risk of kidney failure is proteinuria.19•20 The pathophysiological mechanism that could 
explain the progressive kidney function decline that is observed in many kidney patients, 
even when their primary kidney disease is not active anymore, is shown in Figure 1. In diseases 
with damage to the glomerular basement membrane there can be abnormal high 
amounts of protein (=quantitative measurement) or abnormal types of protein in the 
urine (=qualitative measurement), or both. Therefore it is believed that even losing only a 
small amount of albumin, called microalbuminuria, is a sign of kidney damage. This is 
illustrated by the fact that patients with diabetes mellitus and microalbuminuria have 
higher chances to develop progressive diabetic nephropathy compared to normoalbu­
minuric diabetics.21 Also individuals in the general population with microalbuminuria have 
higher risk to develop an impaired kidney function compaired to normoalbuminurics.22 
Nonetheless, some authors are not convinced that microalbuminuria merits a diagnosis of 
chronic kidney disease and rather think of it as a sign of endothelial damage predicting 
cardiovascular risk.23 In Chapter 2 we studied whether screening for albuminuria detects 
subjects at risk for progressive kidney disease. 
CKD markers associated with increased risk of cardiovascular disease 
Many studies have shown that there is an association between the level of GFR and 
the risk of cardiovascular events,11•24 but other studies failed to show that subjects with 
12 
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Figure 1 Mechanism of progressive renal injury in renal disease characterized by 
proteinuria (adapted from 20) 
Renal injury 
Decreased nephron mass 
+ 
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pressure in glomerular 
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reduced levels of GFR are at increased risk of cardiovascular events in case micro- or macro­
albuminuria is absent.25 27These apparently conflicting results could possibly be explained 
by shortcomings of the methods that were used to estimate GFR. Because direct 
measurement of GFR by the gold standard method, e.g. measurement of iothalamate or 
inulin clearance, is cumbersome and expensive, a more convenient method has been 
developed to estimate GFR. Various equations have been developed to estimate GFR 
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using a few easily available clinical variables, of which the MORD equation is until now 
the one that is most commonly used. This equation, which is based on serum creatinine, 
sex and age, is known to underestimate GFR in higher ranges and to underestimate 
respectively overestimate GFR in younger versus older adults.28•29 This may be an explanation 
for the finding that the association between eGFR and adverse events differs among 
different age groups.30 Therefore, other methods to estimate GFR which are less influenced 
by patient characteristics, are sought for. Serum cystatin C is one of the possible substitutes 
of serum creatinine, which is used to estimate GFR and is supposedly less influenced by 
patient characteristics.31 In Chapter 3, we investigated the association between eGFR 
estimated by different equations based on serum creatinine and/or cystatin C, and cardio­
vascular outcome among different age groups. 
Albuminuria is a well-established risk marker for cardiovascular disease.32•33 It is thought 
that microalbuminuria is associated with CV disease because it is a marker of generalized 
endothelial damage.34 However, its role as a predictor of cardiovascular disease compared 
to or in addition to eGFR is less clear. To answer this question clearly, the Chronic Kidney 
Disease Prognosis Consortium was established, which is a cooperation of investigators of 
the most large and well-known cohort studies investigating the association between CKD 
and adverse events. It was shown by this consortium that albuminuria is an important risk 
factor for cardiovascular and total mortality in the general population, independent of 
eGFR.35 However, since current guidelines recommend screening for CKD in high risk 
groups, consisting of patients with hypertension, diabetes mellitus, cardiovascular disease 
history and elderly1·36, it is important to investigate the independent association of eGFR 
and albuminuria with cardiovascular outcome in this group specifically. This has been 
done in Chapter 4. 
CKD markers associated with other adverse health outcomes 
Albuminuria is not only associated with adverse kidney and cardiovascular outcomes, it 
has also been shown that, for example, the presence of microalbuminuria at the beginning 
of pregnancy is associated with an increased risk of preeclampsia.37 This is probably 
explained by albuminuria being a marker of endothelial damage, which is a pathologic 
feature of both pre-eclampsia and cardiovascular disease. Therefore, albuminuria may also 
be a risk marker for other diseases with this pathologic feature. The Metabolic Syndrome 
is a syndrome defined by a number of criteria (Table 2) that is associated with high risk of 
diabetes mellitus and cardiovascular disease.38·39 Since albuminuria is a known risk factor 
for these outcomes,32.4° it has been debated whether albuminuria should also be added to 
the criteria of metabolic syndrome. Furthermore, hs-CRP is another marker for vascular 
damage that is associated with adverse cardiovascular outcome in metabolic syndrome.41.42 
To investigate the additive value of albuminuria and hs-CRP in the definition of metabolic 
syndrome, its ability to enhance the strength of the association between the Metabolic 
Syndrome and adverse outcomes is investigated in Chapter 5. 
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Table 2 The metabolic syndrome 
According to the new IDF definition, for a person to be defined as having the metabolic 
syndrome they must have: Central obesity (defined as waist circumference with ethnicity specific 









� 150 mg/dl (1.7 mmol/L) 
or specific treatment for this lipid abnormality 
< 40 mg/dl (1.03 mmol/L) in males 
< 50 mg/dl (1.29 mmol/L) in females 
or specifi c treatment for this lipid abnormality 
systolic BP� 130 or diastolic BP� 85 mm Hg 
or treatment of previously diagnosed hypertension 
(FPG) � 100 mg/dl (5.6 mmol/L), 
or previously diagnosed type 2 diabetes 
If above 5.6 mmol/L or 100 mg/dl, OGTT is strongly recommended but 
is not necessary to define presence of the syndrome. 
BP; blood pressure, FPG; fasting plasma glucose. 
Screening for chronic kidney disease 
Screening for CKD is currently a vigorous debated topic. Current guidelines have 
recommended screening for CKD in high risk groups only.1 However, the disadvantage of 
screening high risk groups is that a majority of subjects will already receive medical 
treatment. Therefore screening and identification will not result in a change of treatment, 
and consequently not in a change in prognosis.43 Thus, it is still not clear which population 
groups could best be screened for CKD. Also, there is no consensus on which screening 
method should be used. Whereas some people propagate screening by measurement of 
serum creatinine, others suggest screening by measuring urinary albumin excretion. 
Chapter 6 reviews the currently practiced screening methods in Europe. Also, it discusses 
advantages and disadvantages of different screening approaches. In Chapter 7 these 
different screening approaches are compared in a random sample of the general 
population with regard to their ability to detect subjects with CKD. It is also investigated 
which screening approach can distinguish between CKD subjects with higher versus 
lower risk for adverse health outcomes. Finally, whether screening for CKD currently meets 
the WHO criteria for mass screening programs44 and should or should not be implemented 




Aim of the present thesis 
Given the high prevalence of CKD and its associated adverse health outcomes, efforts 
should be undertaken to find a way to halt or delay progression of this disease. The first 
step in this process is to find a reliable manner to identify those patients who have CKD 
and who are indeed at increased risk of its associated adverse outcomes. Therefore, the 
primary aim of the present thesis is to identify CKD risk markers that are associated with 
progression of renal function decline and increased risk of cardiovascular morbidity and 
mortality. Given the promising results with respect to albuminuria in earlier studies to 
identify CKD patients at risk of adverse events, albuminuria is the central marker of interest 
in this thesis. 
The second step in finding a way to prevent or delay adverse health outcomes 
associated with CKD, is to investigate the yield of various screening approaches to identify 
those subjects in an early stage of CKD, who are at increased risk of adverse health 
outcomes. The ultimate goal of the present thesis is to provide an initial step in answering 
the question how to prevent the adverse outcomes associated with CKD. For this purpose, 
more research is needed, for which recommendations will be given in the last chapter. 
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Chapter 2 
Abstract 
It is unknown whether screening for albuminuria in the general population identifies 
individuals at increased risk for renal replacement therapy (RRT) or accelerated loss of renal 
function. Here, in a general population-based cohort of 40,854 individuals aged 28 to 75 
yr, we collected a first morning void for measurement of urinary albumin.  In a subset of 
6879 individuals, we measured 24-h urinary albumin excretion and estimated GFR at 
baseline and during 6 yr of follow-up. Linkage with the national RRT registry identified 45 
individuals who started RRT during 9 yr of follow-up. The quantity of albuminuria was 
associated with increased renal risk: the higher the level of albuminuria, the higher the risk 
of need for renal replacement therapy and the more rapid renal function decline. A urinary 
albumin concentration of ::::::20 mg/L identified individuals who started RRT during 
follow-up with 58% sensitivity and 92% specificity. Of the identified individuals, 39% were 
previously unknown to have impaired renal function, and 50% were not being medical ly 
treated. Restricting screening to high-risk groups (e.g., known hypertension, diabetes, 
cardiovascular disease [CVD], older age) reduced the sensitivity of the test only marginally 
but failed to identify 45% of individuals with micro- and macroalbuminuria. In conclusion, 
individuals with elevated levels of urinary albumin are at increased risk for RRT and 
accelerated loss of renal function. Screening for albuminuria identifies patients at increased 
risk for progressive renal disease, 40 to 50% of whom were previously undiagnosed or 
untreated. 
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Introduction 
Worldwide the incidence of  end-stage renal disease (ESRD) is  increasing, resulting in an 
increased need for chronic renal replacement therapy (RRT).1 •2T imely start of reno protective 
therapy, which consists predominantly of lowering blood pressure and reducing 
albuminuria or proteinuria,3 may slow progression of chronic kidney disease (CKD) to 
ESRD, thus preventing the need for RRT. Because many patients are unaware of having 
CKD, screening may be necessary. Moreover, identifying patients with CKD is necessary for 
the purpose of treating the associated health problems with CKD, e.g. increased risk for 
cardiovascular disease (CVD),4•5 anemia, and renal osteodystrophy.6 
Different screening strategies for detection of CKD have been proposed.7 Some advocate 
targeted screening of populations that are at increased risk for CKD, such as patients 
known with hypertension or diabetes.8·9 Others have suggested screening in the general 
population.10 It is not yet clear how many patients may benefit from screening because 
they have unknown CKD and/or untreated before screening.1 1  Elevated levels of 
albuminuria have been shown to predict renal failure in patients with diabetes12 and de 
nova renal function impairment in the general population13 and might be a stronger 
predictor of ESRD than low estimated GFR (eGFR).1 4  
This study was designed first to answer the question of whether albuminuria is 
associated with increased risk of need for RRT and accelerated renal function decline in 
the general population and second to evaluate measurement of albuminuria as a 
screening test to identify individuals at increased renal risk in the general population and 
in subpopulations at increased risk for CKD.6 
Methods 
Population 
T his study is part of the PREVEND Study (Prevention of Renal and Vascular End-stage 
Disease), a prospective cohort study that was designed to investigate the predictive value 
of albuminuria for end-stage renal disease and cardiovascular disease in the general 
population. The study was initiated in 1997, when all 85,421 inhabitants of Groningen, 
Netherlands, aged 28-75 years, were invited to fill out a brief questionnaire and to collect 
a first morning void urine sample. T hese were sent by post to a central laboratory for urine 
a lbumin concentration (UAC) measurement. A tota l of 40,854 individuals responded and 
participated in baseline screening. A study cohort was selected from the 40,854 
responders on the basis of level of UAC in the spot morning urine sample to enrich the 
cohort for the presence of higher albuminuria. T hese PREVEND study cohort individuals 
were invited to visit the study outpatient clinic every three years for measurements of 
renal and cardiovascular risk factors and outcome (Figure 1). Further details of this study 
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Figure 1 Study design 
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Serial eGFR measurements 
have been published elsewhere.19 The PREVEND study is approved by the medical ethics 
committee of our institution and conducted in accordance with the guidelines of the 
declaration of Helsinki. 
Albuminuria as a risk factor for need for RRT 
Data on the 85,421 invited inhabitants of Groningen were used to evaluate the incidence 
of RRT during 9 years of follow up, until November 2006. RRT status and cause of ESRD 
were obtained from the national registry of RRT (RENINE). For this purpose, the PREVEND 
database was linked to the RENINE database using date of birth, gender, last name and 
postal code. Incomplete matches were checked for authenticity. For survival analysis, data 
on mortal ity was received from the national Central Bureau of Statistics (CBS) and the 
municipal registry. Death as a result of cardiovascular disease was defined as International 
Classificiation of Diseases, tenth revision code 100 through 199 as primary cause of death. 
RRT-free survival was established according to UAC level, with UAC divided into five clinical 
categories: <l 0 mg/L, 10-20 mg/ L, 20-100 mg/L, 100-200 mg/L and >200 mg/L. Information 
on history of hypertension, diabetes and cardiovascular disease was obtained from the 
baseline screening questionnaire. For the individuals that started RRT during follow up, 
information on the history of these diseases, kidney disease and the use of renoprotective 
medication was obtained from the patient's medical record. 
Albuminuria as a screening test for RRT 
UAC as a screening test to detect individuals at increased risk of RRT was evaluated using 
clinical cutoff points of UAC, both in the general population and in individuals at increased 
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risk of CKD. For the risk groups, the screening test was considered to be positive when the 
risk factor was present and the UAC level was above the determined cutoff point. When 
the risk factor was not present, the test result was regarded as negative. 
Screening test characteristics were calculated for the entire study population as well 
as for specific subgroups for various cutoff points of a lbuminuria. Sensitivity was defined 
as the number of individuals who had a positive test result and started RRT during 
follow-up (=true positive test) divided by the total number of individuals who started RRT 
during follow-up. Specificity was defined as the number of true negative test results 
divided by the total number of individuals who did not start RRT during follow-up. The 
positive predictive value was defined as the number of true positive test results divided by 
the total number of positive test results; the negative predictive value was defined as the 
number of true negative test results divided by the tota l number of negative test results. 
The positive likelihood ratio was defined as sensitivity divided by 1-specificity; the negative 
likelihood ratio was defined as 1-sensitivity divided by specificity. 
Albuminuria and the rate of renal function decline 
To evaluate the relation between albuminuria and the rate of decline in eGFR per year, we 
obtained data from the PREVEN D cohort participants. For these individuals, albuminuria 
was defined by the average urinary albumin excretion (UAE) in two 24-hr urine samples, 
collected on two consecutive days at baseline. Individuals who had UAE measured at their 
first outpatient clinic visit and had serum creatinine measured at two (n=1110) or three 
(n=5769) consecutive visits, were included in this study (total n=6,879). Mean time 
between first and second study visit was 4.2 ±0.4 yr and between second and third visit 
was 2.2 ±0.3 yr. The rate of decline of renal function was depicted by the slope of a linear 
regression line, fitted between the two or three serial estimates of GFR, using the least 
squares principle. Rate of loss of eGFR was calculated according to UAE level, with UAE 
divided in 5 clinical categories: <15 mg/24hr, 15-30 mg/24hr, 30-150 mg/24hr, 150-300 
mg/24hr and >300 mg/24hr. Given an average 24-hr urinary volume of approximately 1.5 
liter, these UAE figures correspond with the cutoff values for UAC in first morning void 
urine samples, as were used in the analysis of albuminuria versus risk of need for RRT. 
Measurements and definitions 
Urinary a lbumin concentration was determined by nephelometry (BN™ II Dade Behring 
Diagnostic, Marburg, Germany). Plasma creatinine was determined by Kodak Ektachem 
dry chemistry (Eastman Kodak, Rochester, NY), an automated enzymatic method. eGFR 
was calculated using the abbreviated Modification of Diet in Renal Disease (MORD) 
formula.16 
Cardiovascular disease as a baseline characteristic was defined as having a history of 
myocardial infarction and/or a history of a cerebrovascular accident for which the 
individual had been admitted to a hospital, as indicated at the baseline questionnaire. In-
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sulin-dependent diabetes and hypertension were noted when individuals received 
medical treatment for these conditions, whereas 'known with diabetes' was assigned 
when the patient indicated to be known to have diabetes. A patient was assigned to be 
'known with renal disease' when an internist or nephrologists had established the 
diagnosis of renal disease or renal insufficiency before the patient was invited for the 
PREVEND screening. When a patient was treated with angiotensin-converting-enzyme 
inhibitors (ACEi) or angiotensin II receptor blockers (ARB) during the year 1997, the patient 
was assigned as "being treated with ACEi/ARB". 
Cardiovascular events during follow-up were obtained from the Dutch national 
registries of hospital discharge diagnoses and death certificates. Cardiovascular events 
were defined as the incidence of an acute myocardial infarction (ICD 9th revision code 
410), acute and subacute ischemic heart disease (411), coronary artery bypass grafting or 
percutaneous transluminal coronary angioplasty, subarachnoid hemorrhage (430), 
intracerebral hemorrhage (431), other intracranial hemorrhage (432), occlusion or stenosis 
of the precerebral (433) or cerebral arteries (434), or vascu lar interventions (percutaneous 
transluminal angioplasty or bypass grafting of aorta or peripheral vessels). 
Statistica l Analyses 
Analyses were performed using the statistical package SPSS 14.0 (SPSS, Chicago, IL). The 
level of significance was determined as P :s;0.05. Normally distributed continuous data are 
reported as means ± standard deviation (SD), whereas data with skewed distribution are 
given as median with interquartile range. Differences between groups were tested by 
t-test for continuous data with a normal distribution and by the Mann-Whitney-U test for 
skewed distr ibuted data. Differences in prevalence or incidence were tested with a x2 test. 
Cox proportional hazards analyses were used to define the hazard ratio (HR) and 95% 
confidence interval (95%CI) for risk for RRT. Cox proportional hazard assumptions were 
checked for and met. Kaplan-Meier survival analysis was used to establish survival curves 
for RRT free survival. Linear regression analysis was used to compare the unadjusted and 
the age- and sex-adjusted rate of eGFR decline for various UAE categories. To evaluate 
possible gender differences regarding albuminuria as a renal risk factor, the statistical 
significance of the interaction term gender x albuminuria measure, with albuminuria as a 
continuous variable, was tested in the Cox poroportional hazard model and multivariable 
linear regression model. The continuous variable albuminuria was log transformed 
because of its skewed distribution. 
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Results 
In the overa l l  Groningen popu lation of individuals who were aged 28 to 75 yr and were 
invited for the basel ine screening in 1 997 (n = 85,421), 1 00 patients started RRT during 9 yr 
of fol low-up. Of the individua ls  who actua l ly participated in screening (n = 40,854), 45 
started RRT during fol low-u p. The characteristics of the overa l l  popu lation and the 
individuals who started RRT a re l isted in Table 1 , with those who participated in screening 
and those who did not pa rticipate l isted separately. It seemed that screening participants 
were s l ightly older and more often female com pa red with nonparticipants. Of the 
individuals who started RRT (n = 1 00), screening pa rticipants had significantly longer time 
between screening and sta rt of RRT and less often d iabetes compared with nonpa rtici­
pants. When com paring the cha racteristics of screening participants who started RRT 
with those who did not sta rt RRT, those who started RRT were older (P <0.001) and were 
more often known to have hypertension (P < 0.001), insu l in-dependent d iabetes (P <0.001), 
CVD (P <0.001), and a u rine a lbumin concentration (UAC) >20 mg/L (P <0.001 ). 
Albuminuria as a risk factor for RRT 
We eva luated the risk for developing ESRD and the consequent need for RRT by Cox 
proportiona l hazard ana lysis per UAC category. We showed that a UAC �20 mg/L was a 
significant risk factor for sta rt of RRT du ring fo l low-up, also after adjustment for age and 
gender; however, the risk for the "lower m icroa lbuminuria category" (UAC 20 to 1 00 m g/L) 
was re latively sma l l  (haza rd ratio [HR] 3.0; 95% confidence interva l [Cl] 1 .0 to 9.0) com pared 
with the increased r isk for RRT in the "high microa l buminuria" (UAC 1 00 to 200 mg/L) and 
the macroa lbuminuria category (UAC >200 mg/L) with HRs of 47 (95% Cl  1 8  to 1 22) and 
1 20 (95% Cl 58 to 246), respectively. After exc lusion of those with known diabetes, H Rs 
(age- and gender-adjusted) for sta rt of RRT (n = 38) were 2.4 (95% Cl 0.7 to 8.3) for UAC 20 
to 1 00 mg/L, 44 (95% Cl 1 5  to 1 23) for UAC 100 to 200 mg/L, and 1 1 2 (95% Cl 51 to 247) for 
UAC >200 mg/L. For  com parison, age- and gender-adjusted H Rs of other r i sk  factors for  
sta rt of  RRT were 1 0.7 (95% Cl 5 .3  to 21 .5) for  known hypertension, 5 . 1  (95% Cl 1 .6 to  1 6.6) 
for known insu l i n-dependent diabetes, and 3.4 (95% Cl 1 .5 to 7.6) for known CVD. 
We establ ished cu rves for RRT-free surviva l us ing Kaplan-Meier g raphs. Figu re 2 
shows the RRT-free surviva l for the five UAC categories. It demonstrates graphica l ly that 
beyond UAC �1 00 mg/L, the risk for need for RRT increased considerably. These su rviva l 
cu rves were censored for death. During the fol low-up period of this study, the cumu lative 
incidence of total morta l ity per UAC category was 5.0, 6.3, 1 2.5, 22.9, and 28.7% for the 
categories UAC <l  0, 10 to 20, 20 to 1 00, 1 00 to 200, and >200 mg/L, respectively, with 
those who died after starting RRT not accounted for i n  these numbers. The cumu lative 
incidence of card iovascu lar morta l ity was 1 .3, 1 .6, 4.1 , 6.9, and 1 1 .3%, respectively, for the 
UAC categories, whereas the cumu lative incidence of fatal and nonfatal cardiovascu la r  
events during fol low-up  was 5.4, 6.4, 1 2.3, 19.2, and 1 9.5%, respectively. The percentage of  
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Table 1 Baseline characteristics of the general population and incident RRT patients 
General population Incident RRT patients 
Characteristic screened not screened pa screened not screened pb 
N=40,854 N= 44,565 N=45 N=55 - ---------- - - -
Age (yr; mea n ±SD) 49 (±1 3) 44 (±1 2) <0.001 60 (±1 0) 57 (±1 0) 0.1 7 
Female (%) 54 46 <0.001 58 5 1  0.49 
Time from screening to d ia lysis (mo; mea n ±SD) 65 (±30) 42 (±27) <0.001 
Not known with rena l d isease (%) 5 1  3 6  0.1 4 
Not treated with ACEi/ARB (%) 65 53 0.28 
Cause of ESRD (%) 
Glomerulonephritis 1 3  4 0.08 
Pyeloneph ritis/interstitial nephritis 4 9 0.37 
Cystic kid ney d isease and other congen ita l d iseases 1 8  9 0.20 
Renal vascular d isease 24 33 0.36 
Diabetes mel l itus 1 1  36 0.004 
Other multisystem d iseases 1 8  6 0.05 
U nknown/other 1 1  4 0.1 5 
Known hypertension (%) 1 1  67 57  0.35 
Known insu l in  dependent diabetes mel l itus (%) 1 7 22 0.04 
Known cardiovascu lar  d isease history (%) 4 20 20 1 .00 
Ur inary a lbumin concentration (mg/L; median [ IQR]) 6 (4-1 0) 54 (5-726) 
Urinary a lbumin concentration (%) 
Normoa lbuminuria (<1 0  mg/L) 76 33 
H igh normoa lbuminuria (1 0 20 mg/I) 1 7  9 
Microalbuminuria (20-1 00 mg/L) 6.5 9 
Microa lbuminuria (1 00-200 mg/L 0.6 1 3  
Macroa lbuminuria (>200 mg/L) 0.7 36 
a: Differences between individuals from the general population comparing those who participated in screening with those who had not. b: Differences between RRT patients 
who participated in screening and those who had not. Abbreviations: SD, standard deviation; ACEi, Angiotensin Converting Enzyme-inhibitor; ARB, angiotensin receptor 
blocker; ESRD, end-stage renal disease; IQR, interquartile range. 
:r 
IV 
Screen ing for a lbuminur ia i dentifies patients at i ncreased rena l  r isk 






-. ---, --�-----, -----------, ._ ___ , ·- --; 
'-: I . ., I •------
• i  ·---------· 1 . 
.. , . , · -, 
·-._ _____ _ 
o.o+T----.,---�,----, ----.,---, 
0 2 4 6 8 1 0  
S u rviva l time (yea rs) 
-- <10 rrg/L 
---· 1 0-20 rrg/L 
••••• . 20-100 rrg/L 
---- 100-200 rrg/L 
----·  >200 rrg/L 
patients who started RRT, per UAC category, was 0.05, 0.06, 0.15, 2.45, and 5.67, respectively. 
We evaluated possible differences between men and women in albuminuria as a risk 
factor for start of RRT. Gender seemed not to be a significant risk factor for RRT in this 
population; neither did the relation between the level of albuminuria and the need for 
RRT differ between men and women. 
Albuminuria as a Screening Test for RRT 
Of the 45 RRT patients who had a UAC measurement available, 26 (58%) had a UAC of :?:20 
mg/L and could therefore be identified by screening for microalbuminuria. Characteristics 
of patients with normoalbuminuria versus those with UAC :?:20 mg/L are shown in Table 2. 
Patients with elevated albuminuria were more often known to have renal disease, more 
often treated with angiotensin-converting enzyme inhibitors/angiotensin II receptor 
blockers (ACEls/ARBs), and had more comorbidities. Still, 39% of patients with UAC :?:20 
mg/L were not known to have renal disease at the time of screening, and 50% of these 
patients were not treated with a renin-angiotensin system blocker. The lower the 
albuminuria level, the more individuals were not known to have renal disease at time of 
screening: 75% of individuals with UAC 20 to 1 00 were not known to have renal disease, 
compared with 50% of individuals with UAC 100 to 200 and 25% with UAC >200 mg/L. 
The prevalence of albuminuria and the incidence of RRT per UAC category are listed 
in Table 3 for individuals with a CVD history, known hypertension or diabetes, and/or age 
>55 yr. The prevalence of elevated albuminuria (UAC :?:20 mg/L) was highest among 
individuals with a history of CVD, namely 17% ([175 + 33 + 42)/1475; Table 3); however, 
these individuals represented only 8% of the total number of individuals with elevated 
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Table 2 Incident RRT patients subdivided according to albuminuria level 
Normo- Elevated 
albuminuria albuminuria 
(UAC < 20 mg/L) (UAC � 20 mg/L) 
N=1 9  N=26 
Age (yr; mean ± SD)1 60 (±9) 60 (±10) 
Female (%) 69 50 
Time from screening to d ia lysis (mo; mean ± SD)1 71 (±30) 61 (±30) 
No history of renal d i sease at time of screening (%) 68 39 
Not treated with ACEi/ARB at time of screening (%) 88 50 
Known hypertension (%) 53 77 
Known insu l in  dependent diabetes mel l itus (%) 0 12  
Known cardiovascu lar disease history (%) 11 27 
Cause of ESRD (%) 
Glomeru lonephritis 11 15 
Pye lonephritis/TIN• 11 0 
Cystic kidney disease and other congenital d isease 21 15 
Renal vascu lar disease 1 6  31 
Diabetes mel l itus 0 19 
Other mu ltisystem diseases 26 12 
E.c.i. and other 16 8 
Urinary a lbumin concentration (mg/L; median [IQR])2 5 (4-7) 506 (1 40-1040) 
Abbreviations: UAC, urine a lbumin concentration; SD, standard deviation; ACEi, Angiotensin Converting En­
zyme-inhibitor; ARB, angiotensin I I  receptor blocker; ESRD, end-stage renal disease; TIN, tubulo interstitial 
nephritis; IQR, interquartile range. 
albuminuria ( [175 + 33 + 42]/3200; Table 3) and only 16% of the total number of individuals 
who started RRT ([2 + 2 + 3]/45). Screening all individuals with at least one of the risk 
factors (n = 15257) would identify 55% of those with UAC �20 mg/L and 24 of the 26 RRT 
events that could be identified by screening for UAC �20 mg/L. 
We calculated screening test characteristics for the general population, as well as for 
high-risk subgroups (Table 4). Because of the low prevalence of RRT, specificity is high at 
almost every cutoff point and is even higher when the screening test takes place in 
individuals with CKD risk factors. A negative test result adds little information to what was 
known before the test, as is reflected by the likelihood ratio of a negative test. In contrast, 
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Table 3 Prevalence of various a lbuminuria classes, and corresponding incidence of 
RRT in the general, as wel l  as in high-risk populations 
UAC (mg/1) N % RRT (n) IR N % RRT (n) I R  
General population 
N=40854 N=45 
<10  30888 76 1 5  0.1 
1 0-20 6766 1 7  4 0.1 
20-100 2673 6.5 4 0.2 
1 00-200 245 0.6 6 3.2 
>200 282 0.7 16 8.0 
CVO history No CVO history 
N=1475 N=B N=39379 N=37 
<10 996 68 0.1 29892 76 14  0.1 
1 0-20 229 16  0 0.0 6537 1 7  4 0.1 
20-1 00 1 75 12  2 1 .6 2498 6.3 2 0.1 
1 00-200 33 2.2 2 9.8 212 0.5 4 2.4 
>200 42 2.8 3 12.2 240 0.6 13  7.4 
Known with HT/OM Unknown with HT/OM 
N=5083 N=31 N=35771 N=14 
<1 0 3484 69 9 0.3 27404 77 6 0.0 
1 0-20 831 16  2 0.3 5935 1 7  2 0.0 
20-100 565 1 1  3 0.7 21 08 5.9 1 0.1 
1 00-200 82 1 .6 3 5.1 1 63 0.5 3 2.3 
>200 121 2.4 14  18. 1  161 0.5 2 1 .6 
Age>55 Age sss 
N=1361 6 N=33 N=27238 N=1 2 
<1 0 10 133 74 12  0.1 20755 76 3 0.0 
10-20 1969 1 4  0.1 4797 1 8  3 0.1 
20- 100 1206 8.9 4 0.4 1467 5.4 0 0.0 
1 00-200 138 1 .0 4 4.1 1 07 0.4 2 2.2 
>200 1 70 1 .2 12  10.9 1 1 2 0.4 4 4.4 
At least one of above risk factors No risk factors 
N=15257 N=39 N=25597 N=6 
<1 0 1 1 284 74 13  0.1 1 9604 77 2 0.0 
1 0-20 2251 1 5  2 0.1 451 5  1 8  2 0.1 
20-100 1369 9.0 4 0.4 1304 5.1 0 0.0 
1 00-200 1 56 1 .0 5 4.5 89 0.4 1 .3 
>200 197 1 .3 15  1 1 .7 85 0.3 1 .4 
Abbreviations: UAC, urinary a lbumin concentration; RRT. renal replacement therapy; IR; incidence rate (events 
per 1 000 person years); CVD, cardiovascular  disease history; HT/OM, known hypertension or d iabetes. 
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Table 4 Screening test characteristics for various cutoff points of urinary 
albumin concentration (UAC) in a single first morning void urine to identify 
individuals that started RRT during follow-up 
Test characteristics UAC 
UAC (mg/I} Sens(%) Spec(%) PPV(o/o) NPV(%) LR+ LR-
General population 
>10 67 76 0.3 99.9 2.74 0.44 
>20 58 92 0.8 99.9 7.43 0.46 
> 1 00 49 99 4.2 99.9 39.51 0.52 
>200 36 99 5.7 99.9 54.55 0.65 
CVD history 
> 1 0  16 99 1 .5 99.9 13.5 0.85 
>20 16 99 2.8 99.9 26.1 0.85 
>100 11  99 6.7 99.9 64.8 0.89 
>200 6.7 99 7.1 99.8 69.8 0.93 
Known with HT/DM 
>10 49 96 1 .4 99.9 12.7 0.53 
>20 44 98 2.6 99.9 24.3 0.57 
>100 38 99 8.4 99.9 82.9 0.63 
>200 31 99 11 .6 99.9 1 1 8.7 0.69 
Age>SS 
>10 47 92 0.6 99.9 5.5 0.58 
>20 44 96 1 .3 99.9 12.1 0.58 
>100 36 99 5.2 99.9 46.7 0.65 
>200 27 99 7.1 99.9 68.9 0.74 
At least one of above risk factors 
>10 58 90 0.7 99.9 6.0 0.47 
>20 53 96 1 .4 99.9 12.8 0.49 
> 1 00 44 99 5.7 99.9 54.5 0.56 
>200 33 99 7.6 99.9 74.7 0.67 
Abbreviations: Sens, sensitivity; Spec, specificity; PPV, positive predictive value; NPV, negative predictive value; LR+, 
l ikel ihood ratio of a positive test; LR-, l ike l ihood ratio of a negative test; UAC. urinary a lbumin concentration; 
RRT, renal replacement therapy; CVD, cardiovascular disease history; HT/OM, known hypertension or  diabetes. 
a positive test result beyond UAC �20 has a high positive likelihood ratio and adds 
significant information, especially in the high-risk groups. For example, an individual with 
a history of hypertension or diabetes and a UAC �20 mg/L has 23 times the previous odds 
to start RRT during follow-up; for a UAC >200 this figure is 115 (Table 4). 
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Whereas specificity increased in the high-risk population approach, sensitivity decreased, 
because all individuals without the risk factor that defines that high-risk subgroup were 
left undetected. For each of the high-risk groups, sensitivity was <50% at all UAC cutoff 
points, except for the group in which all risk factors were combined. Because specificity 
was high in high-risk groups, the cutoff point defining abnormal albuminuria could be 
lower in these high-risk groups in comparison with the situation in the general population, 
in which this cutoff point should probably be higher because of the lower specificity. 
Albuminuria and the Rate of Renal Function Decline 
We evaluated the rate of decline in eGFR during follow-up (i.e., the slope of a linear 
regression line between the serial measurements of eGFR) per urinary albumin excretion 
(UAE) category. The average rate of decline in eGFR was -0.45 ± 1.6 ml/min per 1.73 m2/yr. 
Figure 3 shows the mean slopes for every UAE category with Cls, unadjusted and adjusted 
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Table 5 Distribution of UAE categories and slope (age + sex adjusted) in 
PREVEND cohort 
UAE N (o/o) Age (sd) eGFR (sd) Slope (sd) N (%) Age eGFR Slope 
(mg/I) (sd) (sd) (sd) 
Prevend cohort 
N=6879 
< 15  4990 47 ( 1 2) 81 ( 13) -0.39 ( 1 .6) 
(73) 
15-30 977 ( 1 4) 5 1  ( 1 2) 81 ( 1 5) -0.53 ( 1 .6) 
30- 150 748 ( 1 1 )  5 5  ( 1 2) 78 ( 16) -0.59 ( 1 .7) 
150-300 77 ( 1 . 1 )  57 ( 1 0) 75 ( 15) -0.99 ( 1 .6) 
>300 87 ( 1 .3) 57 ( 1 2) 68 ( 19) -1 .68 ( 1 .6) 
CVD history No CVD history 
N=215 N=6664 
< 1 5  9 8  (46) 59 ( 1 0) 77 ( 14) -0.45 (2.9) 4892 47 ( 13) 81 ( 1 3) -0.39 ( 1 .7) 
(73) 
1 5-30 44 (2 1 )  6 1  (8) 75 ( 1 3) -0.78 (2.8) 933 ( 1 4) 51 ( 1 2) 82 ( 1 5) -0.52 ( 1 .6) 
30-150 54 (25) 63 (8) 69 ( 19) -0.76 (3.0) 694 (10) 54 ( 1 2) 79 ( 15) -0.59 ( 1 .6) 
150-300 9 (4.2) 61 (9) 72 (14) - 1 .97 (2.4) 68 ( 1 .0) 57 ( 1 0) 76 ( 15) -0.86 ( 1 .6) 
>300 10 (4.7) 63 (7) 67 ( 18) -3.37 (2.5) 77 ( 1 .2) 56 ( 1 3) 68 ( 19) - 1 .44 ( 1 .6) 
Known with DM/HT Unknown with DM/HT 
N=774 N=6105 
< 15  395 (5 1 )  59 (9) 74 ( 14) -0.34 (2.5) 4595 46 ( 1 1 )  82 ( 1 3) -0.38 ( 1 .6) 
(75) 
15-30 165 (2 1) 59 ( 10) 76 (16) -0.59 (2.2) 8 1 2  ( 13) 50 ( 1 2) 82 ( 14) -0.50 ( 1 .6) 
30- 150 166 (2 1 )  6 1  (9) 72 ( 1 7) -0.64 (2.3) 582 (9.5) 53 ( 1 2) 80 ( 15) -0.55 ( 1 .6) 
150-300 18 (2.3) 6 1  (9) 71 ( 12) - 1 .90 (2.0) 59 (1 .0) 56 ( 1 0) 77 ( 1 5) -0.68 ( 1 .6) 
>300 30 (3.9) 64 (6) 60 ( 16) - 1 .86 (2.0) 57 (0.9) 53 ( 1 3) 72 ( 1 9) - 1 .47 ( 1 .6) 
>55 yr <55 yr 
N=2053 N=4842 
< 15 1223 64 (5) 74 ( 13) -0.26 (4.4) 3767 42 (6) 84 ( 13) -0.33 (2. 1) 
(60) (78) 
15-30 357 ( 17) 64 (5) 75 ( 1 4) -0.59 (2.9) 620 ( 13) 44 (8) 85 ( 14) -0.39 ( 1 .6) 
30- 150 373 ( 18) 65 (5) 72 ( 15) -0.62 (3.0) 375 (8) 45 (7) 84 ( 15) -0.41 ( 1 .6) 
150-300 43 (2. 1 )  65 (6) 72 ( 15) - 1 . 1 8  (2.0) 34 (0.7) 48 (6) 79 ( 14) -0.58 ( 1 .6) 
>300 53 (2.6) 65 (6) 61 ( 1 7) - 1 .85 (2.0) 34 (0.7) 44 (8) 79 ( 1 6) - 1 . 1 1 ( 1 .6) 
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Table 5 Continued 
UAE N (%) Age (sd) eGFR (sd) Slope (sd) N (%) Age eGFR Slope 
(mg/I) (sd) (sd) (sd) 
At least one of above risk factors No risk factors 
N=2334 N==4545 
< 15 1389 62 (7) 75 (13) -0.31 (3.1) 3601 41 (7) 84 (13) -0.34 (2.1) 
(60) (79) 
15-30 418 (18) 62 (8) 76 (15) -0.61 (2.2) 559 (12) 43 (8) 85 (13) -0.39 (1.6) 
30-150 422 (18) 63 (7) 73 (15) -0.65 (2.3) 326 (7.2) 44 (7) 84 (14) -0.39 (1.6) 
150-300 48 (2.1) 63 (7) 72 (14) -1.18 (1.9) 29 (0.6) 47 (6) 80 (15) -0.54 (1.6) 
>300 57 (2.4) 64 (6) 61 (18) -1.86 (1.9) 30 (0.7) 43 (8) 80 (14) -1.06 (1.6) 
Abbreviations: UAE, u rinary a lbumin excretion; CVD, cardiovascular disease; eGFR, baseline estimated 
g lomerular filtration rate; DM, diabetes mellitus; HT, hypertension. 
for age and gender. Figure 3 shows there was a gradual relation between UAE and rate of 
decl ine in eGFR; those with higher levels of UAE had a more rapid decline in eGFR , 
especially beyond a UAE �150 mg/24 h. The average rate of renal function decline in the 
category UAE >300 mg/24 h was four times as rapid as the average rate of eGFR decline 
for UAE <15 mg/24 h. Table 5 shows slope and baseline age and eGFR per UAE category 
for those with and without risk factors for CKD. It seems that those with CKD risk factors 
and elevated levels of UAE had a more rapid decline of eGFR than those without risk 
factors. Of note, approximately 40% of the individuals with micro- and macroalbuminuria 
had no CKD risk factors (Tables 3 and 5) and would therefore not have been identified if 
only high-risk populations were to be subjected to screening. These individuals had a rate 
of renal function loss up to three times as fast as those with UAE <15 mg/24 h and were 
relatively young and had well-preserved renal function at baseline. Also, the cumulative 
incidence of cardiovascular morbidity and mortality was increased beyond UAC �20, as 
was described already. 
We evaluated possible gender differences in the association between albuminuria 
and the rate of renal function decline. In men, the average rate of decline in eGFR was 
-0.55 ml/min per 1.73 m2 , whereas, in women, this was -0.36 ml/min per 1.73 m2 (P < 0.001). 
We found no significant interaction in multivariate regression analysis between gender 
and UAE for the rate of decline in eGFR. 
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Discussion and conclusion 
This study demonstrates that  in the general population, a lbuminuria is associated with 
renal risk: The higher the level of a lbuminuria, the higher the risk for need for RRT and the 
more rapid the rate of rena l  function decl ine. Screening for increased a lbuminuria levels in 
the genera l  popu lation detects more than half of the patients who started RRT during 
follow-up, approximately 40% of whom were previously not known to have renal disease. 
Restricting screening to those with known hypertension, known d iabetes, CVD history, or 
age >55 yr would identify nearly a l l  incident cases of RRT during  fol low-up; however, 
nearly ha lf of the ind ividua ls  with UAC �20 mg/L wou ld be left undetected, but these 
individuals a re at considerab le ca rdiovascu lar  and renal risk. 
The first objective of this study was to investigate whether e levated a lbuminuria is 
associated with increased renal risk in the genera l  popu lation.  A lbuminuria has long been 
establ ished as a risk factor for overt diabetic nephropathy17 20 and for ESRD in patients with 
d iabetes.1 2 In  the nondiabetic popu lation, elevated UAE has been related to renal function 
abnormal ities in cross-sectiona l stud ies and de nova development of renal function 
impairment, defined as an eGFR <60 ml/min, in long itud ina l  stud ies.13•1 5 lseki eta/.14  showed 
that d ipstick-positive prote inuria, which in genera l corresponds with UAC >200 mg/L, 
pred icted need for RRT du ring fo l low-up in the general popu lation; however, to our 
knowledge, no previous study investigated the association between quantitatively 
measured a lbuminuria and the risk for need for RRT in  the general population. I n  this 
study, a lbuminuria was measured by nephelometry, a l lowing adequate study of the 
predictive va l ue of a lbuminuria, a lso in  its lower range. It was shown that microa lbu minu­
r ia is a r isk factor for need for RRT, especia l ly beyond UAC �1 00 mg/L. This holds true even 
after exclusion of individua ls  with known dia betes. 
Our resu lts a lso show that the rate of renal function decl ine increases continuously 
with increasing levels of a l buminuria (Figure 3), in  the lower range of a lbuminuria, but 
especial ly beyond UAE �150 mg/24 h .  Accelerated rena l  function loss is associated with 
many adverse effects, of which the increased risk for card iovascu la r  death is probably the 
most detrimenta l .4•5•21 Data from this study a re consistent with these premises, because 
the rate of rena l function decl ine, the incidence of death, and the incidence of CVD were 
associated with basel ine a lbuminuria. 
Previous find ings from the Prevention of Renal  and Vascu lar Endstage Disease 
(PREVEND) study g roup22 and others23 have indicated that there m ight be a d ifference in 
the association between basel ine a lbuminuria and rate of rena l  function decl ine du ring 
fol low-up in  men versus women. This study, however, shows that the r isk associated with 
elevated a lbuminuria is com parable for men and women. These seemingly contradictory 
findings a re expla ined by the fact that this study investigated a lbuminuria as the risk factor 
of interest, crude or with adjustment for age and gender on ly, whereas the other studies 
investigated a lbuminuria as  one of many va riables entered in a mu ltivariable model. 
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The second objective of this study was to investigate whether screening for 
albuminuria can identify individuals at risk for need for RRT. A total of 58% of individuals 
who started RRT during follow-up had a UAC �20 mg/L  at baseline (specificity 92%). Of 
note, to our knowledge no other study has yet published characteristics of screening tests 
that can identify individuals who start RRT in the general population. Our numbers can 
therefore not be compared with other studies. The percentage of individuals who start 
RRT during follow-up and are identified by screening may seem insufficient, but several 
considerations should be kept in mind. First, some of the individuals who started RRT 
during follow-up and who could not be identified by screening had causes of ESRD that 
are not open for preventive measures (e.g., nephrectomy in case of malignancy). Second, 
the numbers are based on a one-time screening for UAC. Screening at regular intervals 
might increase the number of patients who can be identified before they develop ESRD. 
Third, inherent in identifying individuals at risk for a specific disease is that not all individuals 
at risk will develop the disease; therefore, screening to identify patients at higher risk will 
never have perfect test results. 
Screening for CKD is usually performed using one of two measures: Impaired eGFR 
and/or increased albuminuria/proteinuria. Interestingly, it was recently shown that 
individuals with impaired eGFR and without elevated albuminuria had only mildly 
increased risk for ESRD.14•24 In contrast, individuals with increased albuminuria are at risk for 
ESRD, irrespective of their eGFR level. These data suggest that screening for albuminuria 
might be more effective than screening for impaired eGFR to identify individuals at risk for 
developing ESRD. It is furthermore to be expected that screening for impaired eGFR will 
be associated with more costs than screening for increased albuminuria, because blood 
samples need to be drawn of large numbers of patients at medical facilities, whereas a 
urine sample for albuminuria measurement can be sent by post, as was done in the 
PREVEND study. A simpler test to measure the presence of albuminuria is a urine dipstick 
test. Unfortunately, in the PREVEND study, no data on dipstick analysis are available; 
however, Kanta et a/.25 were able to show that the sensitivity of urine dipstick for trace 
positivity or more for micro- and macroalbuminuria was only 37.1%. This suggests that by 
using dipsticks, 63% of individuals with micro- and macroalbuminuria will not be identified. 
These individuals could be at considerable risk for progressive renal disease and CVD. 
Whether the benefits of screening for albuminuria to prevent ESRD are sufficient to 
outweigh the costs and efforts is debatable. In this study, 40,856 people had to be 
screened to find 3199 (7.8%) people with UAC >20 mg/L, only 26 of whom reached RRT 
during 9 yr of follow-up. The costs of inviting 85,421 individuals to participate in a one-time 
screening and to analyze 40,854 urine samples added up to a total of €282,700, as we 
recently published.26 RRT costs approximately €75,000 per person per year in the 
Netherlands. At first sight, delaying the onset of ESRD by 4 yr for one individual seems to 
outweigh the costs associated with screening; however, the costs of a screening program 
depend on more factors: Whether all patients with albuminuria will be medically treated 
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or on ly those who have progressive renal disease during follow-up, the costs of medication, 
costs of follow-up tests, etc. It is clear that additional research is needed to answer the 
question of whether screening for a lbuminuria will be cost-effective to prevent or delay 
the need for RRT; however, it should be kept in mind that individuals with higher levels of 
a lbuminuria are also at increased risk for CVD.27•28 Screening for a lbuminuria may therefore 
benefit not only those at risk for renal disease but a lso those at risk for CVD.29 When 
combin ing these goals, screening for a lbuminuria and consequent treatment of those at 
increased risk for renal and CVD has been calculated to be cost-effective.26 
Limiting screening to specific risk groups could be a different strategy to reduce the 
number needed to screen and thereby reduce the costs of screening. Ha llan et a/.9 found 
that 93.2% of patients with an eGFR <60 ml/min can be identified when the population to 
be screened is restricted to patients with known diabetes, known hypertension, or age 
>55 yr, reducing the number needed to screen from 21 to nine. We studied the prevalence 
of elevated a lbuminuria and the incidence of RRT in various risk groups. When only those 
with risk factors were screened, 1404 (45%) individuals with micro- and macroalbuminuria 
were left unidentified. Our data have shown that these undetected individuals are at 
increased risk for progressive renal (Table 5) and CVD,28 and it is questionable whether this 
should be ignored, especia lly when taking into account that such undetected individuals 
are relatively young and have well-preserved renal function at baseline. Considering these 
characteristics, timely start of reno- and cardioprotective intervention in such individuals 
seems especially worth the effort. 
This study has a number of limitations. First, patients with progressive CKD often die 
before they need RRT, mostly as a result of CVD. This may lead to an underestimation of 
the association between a lbuminuria and the risk for RRT. Second, the number of patients 
who started RRT is relatively small because of the low incidence of ESRD. This limits the 
power of our study. To include more events, longer follow-up is needed. Third, in our 
cohort of 40,854 individuals, a lbuminuria was measured only once as UAC in a first 
morning void urine sample. The va lidity of this strategy for population screening was 
evaluated previously.30 It was shown that sensitivity and specificity in comparison with the 
gold standard (measurement of UAE in a 24-h urine sample) was high (85 and 85%, 
respectively) and comparable to measurement of the albumin:creatinine ratio. Fourth, this 
study was not able to answer the question of whether early identification and start of 
preventive treatment will result i n  a decrease in need for RRT or in a decrease in rate of 
rena l function decline or associated morbidity. Future studies will have to address these 
questions and combine the results with formal cost-effectiveness analyses. This study 
should be regarded as a strong rationale to start such studies. 
In conclusion, in the genera l population, an increased level of a lbuminuria is 
associated with increased risk for need for RRT and an increased rate of renal function loss, 
especially when albuminuria is 2::100 mg/L. Screening for UAC 2::20 mg/L identified the 
majority of i ndividuals who started RRT during follow-up, approximately half of whom 
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were not treated and were unaware of kidney disease at the time of screening. Restricting 
screening to high-risk groups would identify nearly all incident cases of RRT during 
follow-up but would leave nearly half of the individuals with UAC �20 mg/L undetected, 
but these individuals have been shown to be at considerable renal and cardiovascular risk. 
To answer the question of whether screening for albuminuria to detect (and treat) 
individuals at increased renal and cardiovascular risk may be (cost-)effective requires 
additional studies that should also take into account whether such screening can best 
take place in the general population or in specific subgroups. These data provide a base 
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Chapter 3 
Abstract 
The present study investigates whether the association between estimated glomerular 
filtration rate (eGFR) and cardiovascular (CV) outcome differs for different measures of 
eGFR and whether this association is modified by age. Between 1997 and 1998, 8047 
participants visited our outpatient clinic for measurement of serum creatinine, serum 
cystatin C ,  urinary creatinine and urinary albumin excretion (UAE). GFR was estimated by 
the Modification of Diet in Renal Disease (MORD) formula, the Chronic Kidney Disease 
Epidemiology Collaboration (CKD-EPI) formula, a cystatin C based formula, a formula 
combining serum creatinine and cystatin C, and 24-hr creatinine clearance. Subjects had 
follow up on CV events until 2005. During follow-up 530 subjects had a CV event. The 
association between eGFR and CV events was significantly modified by age, except when 
GFR was estimated by 24hr-creatinine clearance. In subjects <60 years of age, al l measures 
of eGFR were independently and significantly associated with CV events, whereas in 
subjects 2=:60 years of age only 24hr-creatinine clearance had a weak but significant 
association with CV events (per 10 ml/min/l .73m2 increase in eGFR HR=0.93, p=0.04). For 
all measures and all levels of eGFR, subjects with elevated levels of albu minuria were at 
higher risk of CV events compared to subjects with normoalbuminuria. In the general 
population, all measures of eGFR are independently and significantly associated with CV 
events in individuals <60 years of age, but in individuals 2=:60 years only 24hr-creatinine 
clearance is. In general, the association between eGFR and risk of CV events is much 
weaker in elderly than in younger subjects. 
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Introduction 
Nowadays it is often assumed that impaired renal function or chronic kidney disease (CKD) 
is associated with an increased risk of cardiovascular (CV) events.1•2 There seems to be a 
continuous and inverse relation between the level of renal function and the risk of 
cardiovascular disease,3.4 although some studies report that eGFR is associated with CV risk 
only beyond a certain threshold.2•5 Therefore, CKD patients are regarded as being high 
cardiovascular risk patients. 
Nevertheless, some studies have shown contradictory findings that in the general 
population an estimated GFR (eGFR) as low as 30-59 ml/min/ l .73m2 (stage 3 CKD), is not 
associated with increased cardiovascular risk when there is no microalbuminuria or 
proteinuria present.5•7 This could be explained by the finding that the prognosis associated 
with eGFR level may vary based on presence and level of proteinuria.8 Another reason why 
some studies may not have found an association between eGFR and cardiovascular 
events, could be that in these studies GFR was estimated by the MORD formula. In the 
general population, values derived by this formula may not be reliable estimates of true 
GFR.9 Other GFR estimation equation based on serum creatinine (CKD-EPl)1 0  or serum 
cystatin C could be more accurate.1 1•12 A third reason for different findings with regard to 
the association of eGFR with cardiovascular risk may be differences in age between study 
populations. It has been shown by O'Hare et al that the association between eGFR (MORD) 
and mortality differed among different age groups, with no increased risk of mortality for 
moderately reduced eGFR in elderly.13 Nevertheless, other studies did find an increased 
risk of mortality for eGFR<60 ml/min/ l .73m2 in elderly.1 4  
Given these considerations, we wanted to  investigate, first, whether in the general 
adult population impaired renal function is associated with increased risk of CV events 
independent of albuminuria level. Second, we wanted to assess the association between 
various measures of eGFR based on serum creatinine and/or cystatin C, with CV events. 
Third, we investigated whether the association between the various measures of eGFR 
and CV events differs for different age groups. 
Methods 
Study design and population 
The PREVEND ( Prevention of Renal and Vascular ENd-stage Disease) study is a prospective 
observational cohort study, designed to investigate the association between urinary 
albumin excretion (UAE) and renal and cardiovascular outcome in the general population. 
From 1997 to 1998 the participants of the PREVEND cohort were selected from 40,856 
inhabitants of the city of Groningen, the Netherlands. Selection was based on the albumin 
concentration in a spot morning urine sample, to obtain a cohort enriched for the 
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presence of e levated a lbuminu ria levels. In tota l ,  8,592 subjects jo ined the PREVEND study 
cohort who participated in  the fi rst screen ing round in 1 997 to 1 998. Deta i l s  of the study 
protocol have been pub l ished elsewhere.15 17 
For this study, subjects who had m issing va lues for either serum creatin ine, serum 
cystatin C, u rinary creatin ine  or u rina ry a lbumin excretion were excluded (n=545). 
Therefore, for a l l  subjects in this study, a l l  aforementioned va ria b les a re ava i lab le. The 
PREVEN D study was approved by the local medica l eth ics com mittee and conducted i n  
accordance with the gu ide l i nes o f  the declaration o f  Hels in ki. A l l  pa rtic ipants gave written 
informed consent. 
Baseline measurements and definitions 
At base l ine PREVEND study participants paid two visits to the study outpatient c l in ic 
with in  approximately three weeks. Participants fi l led out a questionna i re on demogra phics, 
cardiovascu lar  and rena l  h istory and known ca rdiovascu lar  risk factors. Known card io­
vascu lar  d isease was defined as having a h istory of myocardia l  i nfa rction, percutaneous 
trans lumina l  coronary ang ioplasty, coronary artery bypass g rafting  and/or a h istory of a 
cerebrovascu lar  accident, as i ndicated on the basel ine questionna i re. 'Known hypertension' 
was assigned when the subjects received medical treatment for high b lood pressu re, 
whereas 'known with d iabetes mel l itus' was ass igned when the patient received treatment 
for d ia betes mel l itus accord ing to their local pharmacy reg istry or as ind icated by the 
patient on the basel ine q uestionnai re. Active smoking was defined as  cu rrent smoking, or  
cessation of smoking less  than a year prior to the study visit. During both study visits, 
blood pressure was measured in the r ight arm du ring supine posit ion, every minute for 1 0  
and 8 t imes, respectively, by an  automatic Dinamap X L  Model 9300 series device (John­
son-Johnson Med ica l I NC, Tam pa, F lorida). For  systol ic and d iasto l ic  b lood pressu re, the 
means of the last  two record i ngs from each of the two visits was used.  Anthropometrical 
measurements were performed. With in one week before the second study visit, subjects 
col lected u rine for two consecutive periods of 24 hours. The samples were a l lowed to be 
stored for a maximum of 4 days at a temperatu re of 4°C before turn ing them in. At the 
second study visit, fasting  blood samples were taken .  Concentrations of total cholestero l 
and g lucose were m easured us ing standard methods. Serum and u rine  creat in ine were 
measured by dry chemistry (Eastman  Kodak, Rochester, New York, USA). In 2006 an IDMS 
traceab le method was introduced in  the hospita l (Roche P-Modu l a r, USA). A conversion 
factor was ca lculated between  the Eastman Kodak  and Roche enzymatic measurements, 
by measuring 200 sam ples on both machines and us ing regress ion a na lysis accord ing to 
Passing and Bablock.1 8  This conversion factor was used to ca lcu late I DMS traceable eGFR 
va lues that a re used in  our  sensitivity ana lysis. U rina ry a lbumin  concentration was 
determined in  fresh ur ine sam ples by nephelometry (Dade Behrin g  Diagnostic, Marburg, 
Germany), and UAE was g iven as the mean of the two 24-hour ur inary excretions. 
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GFR was estimated by 24hr-creatinine clearance and four different equations - the 
MORD equation, the CKD-EPI equation, an equation based on cystatin C, and an equation 
based on cystatin C and serum creatinine (Combi) - which are listed in the addendum. 
24hr-Creatinine clearance was adjusted for body surface area (BSA) and calculated by the 
following formula: (urine creatinine (mmol/l)xl OOO/serum creatinine (µmol/I)) x (24u 
volume urine (ml)/1440) x (1.73m2/BSA). The Dubois Dubois formula was used to calculate 
BSA.19 
Follow-up measurements and definitions 
During follow-up information was obtained on cardiovascular endpoints until December 
3 l 51 2005. The cardiovascular endpoint was defined as the incidence of fatal and non-fatal 
cardiovascular events. Causes of death were obtained from the Dutch Central Bureau of 
Statics. Hospital diagnoses were obtained from the Dutch registry of hospital discharge 
diagnoses (PRISMANT). The validity of this database has been shown to be good, with 
84% of primary diagnoses and 87% of secondary diagnoses matching the diagnoses 
recorded in patients' charts20. All data were coded according to the International 
classification of diseases, 9th revision and the classification of interventions. For this study 
cardiovascular events were defined in concordance with definitions used previously by 
other studies publishing on eGFR and cardiovascular events ,2•21 being; acute myocardial 
infarction (ICD-code 410) , acute and subacute ischemic heart disease (411), subarachnoid 
hemorrhage (430), occlusion or stenos is of the precerebral (433) or cerebral arteries (434) , 
coronary artery bypass grafting or percutaneous transluminal coronary angioplasty, and 
other vascular interventions as percutaneous transluminal angioplasty or bypass grafting 
of aorta and peripheral vessels. Survival time of a subject was defined as the time between 
the date of UAE measurement to the date of first cardiovascular event or 3l 51 of December 
2005. People who moved to an unknown destination were lost to follow-up and censored 
from that time on. 
Statistical Analyses 
Analyses were performed using the statistical package SPSS 16.0 (SPSS, Chicago, IL) and R 
statistical software version 2.8.0.22 A P-value �0.05 was adopted to indicate statistical 
significance. Normally distributed data are reported as means with standard deviation, 
whereas data with skewed distribution are given as medians with interquartile range. 
Differences between groups were tested by Student's t-test for continuous data. 
Differences in prevalence or incidence were tested with a chi-square test. 
Cox proportional hazards analysis was used to calculate the hazard ratio (HR) and 95% 
confidence interval (95% Cl) for cardiovascular events. Complex sample analysis was used 
to correct for the enrichment of subjects with elevated albuminuria that was introduced 




The baseline characteristics of the 8,047 subjects in this analysis are shown in Table 1, 
showing that the various measures of eGFR differ with respect to the mean values that are 
obtained for the study population. eGFR by MORD was lowest with 81 ml/min/l .73m2, 
whereas the mean eGFR by CysC was highest with a mean of 101 ml/min/l .73m2• 
Differences between different measures of eGFR values are also illustrated in Figure 1 .  
Figure 1 shows that for all measures except for measures based on serum creatinine solely, 
i.e. MORD and CKD-EPI, the majority of subjects belongs to the group of eGFR >90 ml/ 
min/l .73m2. Furthermore, about 6%-8% of the subjects had an eGFR <60 ml/min/l .73m2 
when estimated with the MORD or CKD-EPI equation or 24hr-creatinine clearance. The 
equations including cystatin C estimated that only 3.8% of the subjects have a value <60 
ml/min/l .73m2. 
Table 1 Baseline characteristics 
Age 
Male, % 
BM I (kg/m2) 
BSA (m2) 
Known hypertension, % 
Known diabetes mellitus, % 
Known cardiovascular disease, % 
Smoking, % 
Systolic blood pressure (mm Hg) 
Diastolic blood pressure (mm Hg) 
Antihypertensive medication ,% 
Cholesterol (mmol/L) 
Lipid lowering medication, % 
Glucose (mmol/L) 
Glucose lowering medication, % 
eGFR MDRD (ml/min/1 .73m2) 
eGFR CKD EPI (ml/min/1.73m2) 
eGFR CysC (ml/min/1 .73m2) 
eGFR Combined (ml/min/1 .73m2) 
24hr-Creatinine clearance (ml/min/1.73m2) 
UAE (mg/24hr) 
Values are mean (sd) or median (interquartile range). 
Total 
n = 8047 


















91 ( 1 8) 
92 (23) 
9.4 (6.3-17.8) 
Abbreviations: BMI, body mass index; BSA, body surface area; UAE, urinary albumin excretion. 
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During a mean follow-up time of 7.0 (±1.6) years, 530 subjects had a CV event. 
Myocardial infarction was the most common event (n=l 60, 30.2%), followed by ischemic 
heart disease (n=l03, 19.4%), PTCA (n=76, 14.3%), ischemic CVAs 13.5% (n=S0) and 
hemorrhagic CVAs (n=27, 5 . 1%). The association between the different measures of eGFR 
was first analysed continuously using linear and quadratic terms to allow for non-linear 
associations. For this purpose, a quadratic term of eGFR was introduced in the linear 
regression models including age, sex and eGFR. The quadratic term did not seem to be 
significant for any of the measures of eGFR. 
Therefore, the association of the 5 different measures of eGFR with CV events was 
established by linear Cox regression models (Table 2). In univariate analysis, all measures of 
eGFR are inversely and significantly associated with CV events: the higher the eGFR, the 
lower the risk of CV events. After the adjustment for age and sex (model 2), the associations 
of all measures of eGFR with CV events become weaker (the hazard rates get closer to 1), 
but eGFR by MORD does not reach statistical significance anymore (p=0.09). After further 
adjustment for the level of albu minuria, eGFR by CKD-EPI is not significant anymore 
(p=0.16). In contrast, the associations of eGFR calculated using cystatin C based form u las 
and that of 24hr-creatinine clearance with CV events remain significant, even after further 




Table 2 Hazard rate of eGFR for CV outcomes in continuous models 
Model 1 : crude Model 2: + age Model 3: + ln Model 4: + CV Interaction 
+ sex UAE risk factors term 
Agex eGFR 
eGFR by ... HR Cl HR Cl HR Cl HR Cl HR p -· 
MDRD (perl  0 ml/min/1 .73m2) 0.76 0.7 1 -0.82 0.93 0.86- 1 .0 1  0.96 0.88- 1 .03 0.95 0.88- 1 .02 1 .0 1  <0.00 1 
CKD EPI (per l  0 ml/min/1 .73m2) 0.68 0.64-0.73 0.92 0.85- 1 .00 0.94 0.87- 1 .02 0.94 0.87- 1 .02 1 .02 <0.001 
CysC (perl 0 ml/min/1 .73m2) 0.77 0.74-0.80 0.90 0.86-0.95 0.9 1 0.87-0.96 0.95 0.90-0.99 1 .0 1  0.002 
Combi (perl  0 m l/min/l .73m2) 0.69 0.64-0.73 0.87 0.82-0.94 0.90 0.84-0.96 0.93 0.86-0.99 1 .0 1  <0.00 1 
Creat clear (per 1 0  ml/ 0.86 0.82-0.90 0.94 0.90-0.98 0.94 0.89-0.98 0.95 0.9 1 -0.99 1 .0 1  0.40 
min/l  .73m2) 
CV risk factors: BMI, systolic blood pressure, total cholesterol (mmol/1), fasting glucose (mmol/1), smoking status, history of cardiovascular d isease. Abbreviations: UAE, urinary 
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term of age with eGFR (age x eGFR) was tested for all 5 measures of eGFR, in model 4, 
which included eGFR, age, sex, age x eGFR and CV risk factors. For the association with risk 
of CV events, there was significant interaction between age and eGFR for all measures of 
eGFR derived by equations: MORD (p<0.001), CKD EPI (p<0.001), Cystatin C (p=0.005) and 
Cambi (p<0.001). In contrast, there was no interaction between age and 24hr-creatinine 
clearance in the association with CV risk (p=0.4) (Table 2). Because of the interactions with 
age for the measures of eGFR derived by equations, further analyses were stratified for 
age. Interaction terms consisting of eGFR times a dichotomous variable for age, for 
example <40/;?:40 years, were made including age cut-points for every five years between 
40 and 70 years. It appeared that the interaction term reached significance around 55-65 
yrs of age, depending on the specific eGFR measure. Since guidelines recommend to 
screen subjects aged 60 years or older and this cut-off point was supported by the data, a 
cut-off point at 60 years was chosen1 • To support this decision, it was checked whether the 
dichotomous variable <60 or ;?:60 years also showed a significant interaction with eGFR. 
This was true for all GFR equations, but again not for 24hr-creatinine clearance (p=0.96). 
The results of the continuous association between eGFR and CV events for different age 
groups are shown in Table 3. The interaction with age is reflected by the finding that for 
all eGFRs derived by equations, there is a significant association of eGFR with risk of CV 
events in subjects younger than 60 years of age, even after adjustment for multiple 
variables (model 4), whereas there is no independent significant association in subjects of 
60 years and over. For 24hr-creatinine clearance however, the association with the risk of 
CV events is present in both the younger and older population (HR=0.93, Cl 0.87-1.00 and 
HR=0.94, Cl 0.88-0.99 respectively, for every 10 ml/min/1.73m2 increase in eGFR). 
The differences in the association between eGFR and CV events, in older and younger 
subjects is shown in Figure 2. In Figure 2, data are shown in clinical classes using eGFR 
estimated by the MORD formula, with cut-points being comparable to the Kidney Disease 
Outcome Quality Initiative classification of CKD. For the subjects younger than 60 years of 
age the risk of CV events increases linearly with decreasing eGFR. In subjects older than 60 
years of age, however, there is no relation with eGFR and the risk of CV events. The pattern 
of association for the other GFR equations are rather similar to eGFR MORD, being that 
there is a significant linear association between eGFR level and risk of CV events in the 
younger age group, but that there is no relation between eGFR and risk of CV events in the 
older age group. Only for creatinine clearance, is there a stepwise, linear association 
between eGFR and the risk of CV events in elderly subjects. In Table 4, the association 
between the clinical classes of different measures of eGFR and the risk of CV events in 
elderly is shown, but now also stratified by the level of albuminuria (normoalbuminuria vs 
elevated levels of albuminuria, being UAE ;?:30mg/24hr). It is shown that subjects with 
elevated levels of albuminuria are at increased risk of CV events compared to subjects with 




Table 3 Adjusted hazard rates of eGFR for CV outcomes for subjects younger and older than 60 years of age 
Model 1 :  crude Model 2: + sex Model 3: + In UAE Model 4: + CV risk w 
factors 
eGFR by. .. HR C l  HR C l  HR  C l  HR Cl 
Age < 60 yrs 
MDRD (+ 1 0  ml/min/l .73m2) 0.76 0.67-0.86 0.66 0.58-0.75 0.68 0.60-0.78 0.7 1 0.63-0.81 
CKD EPI (+ 1 0  ml/min/1 .73m2) 0.70 0.62-0.79 0.65 0.58-0.73 0.67 0.60-0.75 0.70 0.62-0.79 
CysC (+ 1 0  ml/min/l .73m2) 0.80 0.75-0.86 0.80 0.75-0.85 0.8 1 0.76-0.86 0.86 0.79-0.92 
Cambi (+ 1 0  ml/min/l .73m2) 0.69 0.62-0.76 0.66 0.60-0.73 0.68 0.6 1 -0.75 0.74 0.66-0.82 
Creat clear (+ 1 0  ml/min/l .73m2) 0.86 0.78-0.95 0.82 0.75-0.91 0.80 0.73-0.89 0.93 0.87- 1 .00 
Age � 60 yrs 
MDRD (+ 1 0  m l/min/1 .73m2) 1 .08 0.98-1 . 1 9 1 .00 0.9 1 - 1 . 1 1 1 .03 0.93- 1 . 1 3 1 .03 0.94-1 . 1 4  
CKD EPI (+ 1 0  ml/min/1 .73m2) 1 .03 0.93- 1 . 1 4  0.97 0.88- 1 .08 1 .03 0.93- 1 . 1 3 1 .02 0.92- 1 . 1 3 
CysC (+ 1 0  ml/min/l .73m2) 0.93 0.87-0.99 0.92 0.86-0.98 0.94 0.88- 1 .00 0.97 0.9 1 - 1 .04 
Cambi (+ 1 0  ml/min/1 .73m2) 0.96 0.88- 1 .05 0.92 0.85- 1 .0 1  0.95 0.87- 1 .04 0.99 0.90- 1 .08 
Creat clear (+ 1 0  ml/min/l .73m2) 0.92 0.85-0.99 0.88 0.8 1 -0.95 0.88 0.82-0.95 0.94 0.88-0.99 
Abbreviations: UAE, urinary albumin excretion; HR, hazard rate; Cl, confidence interval. 
CV risk factors: BMI, systolic blood pressure, total cholesterol (mmol/1), fasting glucose (mmol/1), smoking status, history of cardiovascular disease. 
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Figure 2 Hazard ratios for CV events per clinical class of eGFR by MORD, in younger and 
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Hazard rates are adjusted for sex, UAE, total cholesterol, fasting g lucose, systolic blood pressure, smoking status 
and CVD history. * p<0.05. 
Two sensit ivity analyses have been performed. First, the former analyses were 
repeated after excluding subjects with diabetes mellitus. This did not change the results. 
Second, a correction factor was used to obtain serum creatinine values that are IDMS 
traceable, as explained in the methods section. The appropriate MORD equation was used 
10 and the other eGFR equations using serum creatinine were recalculated and used for 
the sensitivity ana lysis. Again, the results did not change essentia l ly. 
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Table 4 Adjusted hazard ratios for CV events for clinical classes of eGFR, split for 
UAE<30 mg/24hr (MA-) and UAE:2:30 mg/24hr (MA+) 
eGFR by .. eGFR.!!:90 eGFR 89-60 eGFR <60 
MORD 
MA+ 2.7 ( 1 . 1 -6.6) 1 .5 (0.8-2.8) 2.5 ( 1 .2-5.2) 
MA- 1 .4 (0.8-2.3) 0.8 (0.4-1 .6) 
CKD EPI 
MA+ 1 .3 (0.4-2.9) 1 .4 (0.7-2.7) 2.1 ( 1 .0-2.4) 
MA- 1 . 1 (0.6- 1 .9) 0.8 (0.4- 1 .6) 
CysC 
MA+ 1 .7 (0.9-3. 1 )  1 .4 (0.9-2.3) 2.1 ( 1 .0-4.3) 
MA- 1 . 1 (0.8-1 .5) 1 .5 (0.9-2.4) 
Cambi 
MA+ 1 .4 (0.7-3.0) 1 . 1 (0.7- 1 .9) 1 .6 (0.8-3. 1 )  
MA- 0.8 (0.6- 1 .2) 0.8 (0.5- 1 .5) 
24hr-Creat clear 
MA+ 1 .2 (0.7-2.3) 1 .8 ( 1 . 1 -2.9) 2. 1 ( 1 . 1 -4.0) 
MA- 1 . 1 (0.8-2.6) 1 .2 (0.8-2.9) 
Adjusted for CV risk factors: BMI, systolic blood pressure, total cholesterol (mmol/1), fasting glucose (mmol/1), 
smoking status, history of cardiovascular d isease. Abbreviations: UAE, urinary albumin excretion; HR, hazard 
rate; Cl, confidence interval. 
Discussion and conclusion 
The present study showed that in the general adult population, there seems to be an 
association between eGFR and CV events. However, this association differs for different 
measures of eGFR and among different age groups. The GFR equations based solely on 
serum creatinine (MORD and CKD EPI) were not independently associated with CV events, 
whereas other measures of eGFR (equations including cystatin C solely or including both 
cystatin C and serum creatinine) and 24hr-creatinine clearance were. Our findings show 
that age modifies the relation between eGFR and risk of CV events for all measures of eGFR 
based on equations, but not for 24-hr creatinine clearance. In individuals younger than 60 
years of age, a l l  measures of eGFR were continuously and linearly associated with CV risk, 
whereas in the individuals aged 60 years or older, only 24hr-creatinine clearance had an 
independent, continuous association with CV risk. Of note, elderly with increased levels of 
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urinary albumin excretion are at increased risk of CV events compared to subjects with 
normoalbuminuria, irrespective of the level of eGFR. 
Guidelines recommend that "all patients with chronic kidney disease should be 
considered to belong to the "highest risk" group for cardiovascular disease, irrespective of 
levels of traditional CVD risk factors".1 The same guidelines define chronic kidney disease 
by levels of eGFR calculated by the MORD formula. Logically, it is implied that lower levels 
of eGFR are associated with increased risk of CV events, as has also been shown by several 
studies.2-4,1 4  However, the present study has shown that whether or not a low eGFR is 
associated with increased risk of CV events, depends on the measure of eGFR that is used 
and the patient's age. These findings could have important implications for cardiovascular 
risk assessment based on the presence of chronic kidney disease, for which it would be 
important to identify the measure of eGFR that is the best predictor of CV events. 
Nowadays, the MORD formula is the most commonly used measure of eGFR. However, 
eGFR MORD is based on serum creatinine levels, which are not an ideal to estimate renal 
function since serum creatinine is not only affected by the level of GFR, but also by factors 
independent of GFR, especially muscle mass. Although the MORD formula is developed to 
correct for differences in muscle mass by use of information on age, gender and race, 
corrections are incomplete and errors in using serum creatinine as a measure of GFR 
remain. Furthermore, the equation may not be suitable for individuals with a true GFR 
above 60 ml/min/1.73m2.9 Recently, the CKD EPI equation has been developed, which has 
been claimed to correlate better with true GFR, especially in the higher ranges.10 However, 
the findings of the present study showed that CKD EPI did not perform substantially better 
than the MORD in predicting CV events. In this study, eGFR equations that include Cystatin 
C appear to be stronger correlated with the risk of CV events that eGFR using serum 
creatinine alone. However, whether equations using cystatin C may be more accurate 
predictors of true GFR is still under debate.1 1 • 1 2•23 We want to emphasize that better 
prediction of CV events by one eGFR measure does not necessarily imply that this eGFR 
measure is a more accurate reflection of true GFR. Studies have shown that Cystatin C is 
associated with inflammatory markers,24 which are themselves associated with an increased 
risk of CV events.25 Therefore, the strong association between eGFR based (partly) on 
Cystatin C and the risk of CV events may not reflect eGFR CysC being a more accurate 
measure of true eGFR but Cystatin C being associated with other markers associated with 
CV events. 
Our data showed for most GFR estimates a significant interaction with age in 
predicting CV outcome, including eGFR Cystatin C, which has previously been claimed to 
be independent of age.26 In younger subjects all measures of eGFR are associated with the 
risk of CV events. In contrast, in the elderly all measures of eGFR calculated by estimating 
equations are not independently associated with CV risk. These data are in line with other 
studies. O'Hare et al showed less association between eGFR MORD and risk for mortality 
and ESRD in older age groups.13•27 Drey et al also showed that the age- and sex standardized 
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mortality ratio in subjects with increased levels of serum creatinine (2:1.7mg/dl) decrease 
with increasing age.28 Also, Raymond et29 al have shown that with increasing age the 
relative risk of mortality for decreasing eGFR becomes less strong, with at age >75 yrs 
stage 3a CKD (eGFR 59-45 ml/min/1.73m2) not being associated with increased risk of 
mortality compared to stage 1 and 2 CKD. At the other hand, the Cardiovascular Health 
Study (CHS) study did describe an association between eGFR and mortality in a population 
with only elderly.14 Although this latter finding may seem conflicting with the aforementioned 
studies, the results in the CHS study are for a large part in line with these studies. First, the 
association between eGFR and CV risk in the CHS study had a j-shaped form. The 
association between eGFR 120-45 was modest (HR 1.0-1.5) and only got stronger in 
subjects with an eGFR<45 ml/min/1.73m2. In the present study, which is a sample of the 
general adult population, there are very few data on subjects with an eGFR<45 ml/ 
min/1.73m2. Furthermore, the CHS study showed a stronger association between CysC 
and mortality, comparable to our findings. 
Do our data imply that, in the elderly, there is no association between renal function 
and CV risk? Probably not. First, as mentioned above, there seems to be an increased risk 
of mortality below an eGFR of 45 ml/min/1.73m2. Second, in this study, 24hr-creatinine 
clearance, which is a more direct measure of GFR, did show an association between eGFR 
and CV events in the young, as well as in the elderly. Of course 24hr-urinary creatinine 
clearance is not the gold standard for assessing true GFR. For this purpose one should 
assess an inulin or iothalamate clearance. However, for large scale epidemiological studies, 
use of these gold standard measurements is not feasible. Therefore, creatinine clearance 
may the best alternative to assess true GFR, especially in subjects with relatively low or 
high muscle mass, where serum creatinine based GFR estimates will result in over-, 
respectively underestimation of true GFR. The findings of this study underscore the use of 
24hr-creatinine clearance for the assessment of CKD. However, collecting 24-hr urine is a 
cumbersome procedure, and prone to collection errors. Therefore assessing 24hr-creatinine 
clearance is less suitable for screening purposes. A practical solution may be to screen for 
CKD by use of serum creatinine based GFR estimates, and, in case of low eGFR, especially 
in the elderly with high or low muscle mass, to confirm this finding by a 24h-creatinine 
clearance. 
In conclusion, in individuals younger than 60 years of age, all measures of eGFR are 
independently associated with risk of CV events, whereas in the elderly, there is only a 
weak association between 24hr-creatinine clearance and CV risk. In contrast, elderly with 
increased albuminuria are at increased risk of CV events. These resu lts question eGFR<60 
ml/min/1.73m2 as CV risk marker in elderly and emphasize the importance of assessment 
of albuminuria for CV risk prediction. 
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Addendum 
1 .  The  abbreviated Modification of  Diet in  Renal Disease (MDRD) formula 1 : 186.3 x 
(serum creatinine{µmol/L)/88.4) 1.154 x age-0·203 x 0.742 (if female) x 1.210 ( if black). 
2. A formula based on cystatin C (CysC) 2: 127.7 x serum cystatin C1 17 x age-0 13 x (0.91 if female) 
x (1.06 if black). 
3 .  A formula based on both serum creatinine and serum cystatin C (Cambi) 2: 177.6 x 
(serum creatinine(µmol/I)/88.4)-0·65 x serum cystatin C057 x age-0·20 x (0.82 if female) x 
(1.11 if black). 
4. The CKD-EPI formula: 
Race Sex Serum creatinine Equation 
(mg/dl) 
Black Female :50.7 GFR=l 66x(0.993)Agex(Scr/0.7)-0 329 
Black Female >0.7 GFR= 166x(0.993)Agex(Scr/0.7)-1 .209 
Black Male :50.9 GFR= 163x(0.993)Agex(Scr/0.9)-0 4 1 1 
Black Male >0.9 GFR= 1 63x(0.993)Agex(Scr/0.9)-1 209 
White or other Female :50.7 GFR= 144x(0.993)Agex(Scr /0. 7)·0 329 
White or other Female >0.7 GFR= 144x(0.993)Agex(Scr /0. 7)-1 .209 
White or other Male :50.9 GFR= 141 x(0.993)Agex(Scr/0.9) 041 1 
White or other Male >0.9 GFR= 141 x(0.993)Agex(Scr/0.9)- 1 209 
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Chapter 4 
Abstract 
Screening for chronic kidney disease is recommended in people at high risk, but data on 
the independent and combined associations of estimated glomerular filtration rate (eGFR) 
and albuminuria with all-cause and cardiovascular mortality are limited. To clarify this, we 
performed a collaborative meta-analysis of 10 cohorts with 266,975 patients selected 
because of increased risk for chronic kidney disease, defined as a history of hypertension, 
diabetes, or cardiovascular disease. Risk for all-cause mortality was not associated with 
eGFR between 60-105 ml/min per 1.73 m2, but increased at lower levels. Hazard ratios at 
eGFRs of 60, 45, and 15 ml/min per 1.73 m2 were 1.03, 1.38 and 3 .11, respectively, compared 
to an eGFR of 95, after adjustment for albuminuria and cardiovascular risk factors. Log 
albuminuria was linearly associated with log risk for all-cause mortality without thresholds. 
Adjusted hazard ratios at albumin-to-creatinine ratios of 10, 30 and 300 mg/g were 1.08, 
1.38, and 2.16, respectively compared to a ratio of five. Albuminuria and eGFR were multi­
plicatively associated with all-cause mortality, without evidence for interaction. Similar 
associations were observed for cardiovascular mortality. Findings in cohorts with dipstick 
data were generally comparable to those in cohorts measuring albumin-to-creatinine 
ratios. Thus, lower eGFR and higher albuminuria are risk factors for all-cause and cardio­
vascular mortality in high-risk populations, independent of each other and of cardiovascular 
risk factors. 
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Introduction 
The definition and classification of chronic kidney disease was proposed by Kidney Disease 
Outcomes Quality Initiative (KDOQI) in 2002, and endorsed by Kidney Disease Improving 
Global Outcomes (KDIGO) in 2004.1 • 2• 3 Widespread implementation of the definition 
and classification has promoted increased attention to chronic kidney disease in clinical 
practice, research, and public health.4 It has also generated substantial debate about the 
appropriateness of recommending the same glomerular filtration rate (GFR) thresholds for 
people of all ages, the optimal level of albuminuria as a marker of kidney damage, and 
about the value of the 5-stage classification system based on estimated GFR (eGFR) 
without consideration of albuminuria.s- s 
In October 2009, KDIGO sponsored a Controversies Conference to examine the 
validity of the existing system as well as to evaluate proposed alternatives.9 The report of 
the Consensus Conference is included in this issue of Kidney lnternationa/.10 As part of the 
process, the CKD Prognosis Collaboration was formed to undertake a comprehensive 
analysis of mortality and kidney outcomes according to estimated GFR and albuminuria, 
to answer key questions underlying the debate. 
This paper is the second in a series of four papers to report the results of collaborative 
meta-analyses undertaken by the CKD Prognosis Consortium. The first paper in this series 
deals with all-cause and cardiovascular mortality in general population cohorts.1 1 The 
present report describes all-cause and cardiovascular mortality in cohorts at high risk for 
chronic kidney disease. Other manuscripts report kidney outcomes from general 
population and high-risk cohorts,12 and mortality and kidney outcomes in chronic kidney 
disease cohorts.13 
Chronic kidney disease is now recognized as a risk factor for all-cause and cardio­
vascular mortality.14 Our meta-analysis of 21 general population cohorts showed the 
independent and joint associations of reduced estimated GFR and higher levels of 
albuminuria on these outcomes.1 1  Presently, screening for chronic kidney disease is 
recommended in people at high risk for chronic kidney disease including patients with 
cardiovascular disease risk factors.4 However, the associations between eGFR and 
albuminuria with mortality may differ in high-risk populations as compared with the 
general population. As a comprehensive analysis of the associations between eGFR and 
albuminuria with all-cause and cardiovascular mortality in high-risk populations has not 
been reported, we studied these associations in a collaborative meta-analysis. A priori we 
hypothesized that both eGFR and albuminuria would be associated with these outcomes, 
independent of traditional cardiovascular risk factors and independent of each other, and 





Studies were identified by the p lann ing committee and ana lytic team, and by d iscussion 
between col laborators. Th is was enhanced by a ca l l  for participation at the World Congress 
of Nephrology in Mi lan,  2009, a publ ished position statement of KDOQI and KDIGO,9 and 
an  a n n ouncement on the KDIGO website (http://www.KDIGO.org). To be e l ig ib le for 
inc l us ion, stud ies had to meet the fo l lowing criteria: (1 ) prospective cohort study; (2) 
i nc lud ing subjects referred for eva luation of chron ic kidney d isease risk factors or subjects 
known to have at least one risk factor defined as a history of card iovascular d isease, 
d iabetes, hypertension, hypercholestero lemia, or  fami ly history of card iovascu la r  d isease; 
(3) i nformation at base l ine on eGFR as wel l  as on a lbuminuria; (4) at least 1 000 subjects 
i ncl uded; (5) i nformation on morta l ity; and  (6) a min imum of 50 events for a l l-cause 
mortal ity or ca rd iovascu la r  morta l i ty. The reason to requ i re a min imum sample size is to 
ensu re sufficient outcomes in the reference ce l l .  This process identified 1 2  cohorts that 
met the incl usion criter ia.  The investigators of 1 0  e l ig ible stud ies were wi l l i ng to participate 
in th is meta-ana lysis.1 5•24 
Study variables 
In each cohort, subjects were subdivided accord i ng to eGFR and a lbuminuria. GFR was 
estimated using the Modification of Diet in Renal Disease Study equation.25 Each participating 
study was asked to standardize their serum creatin ine to isotope di lution mass spectrometry­
traceab le  methods, but ca l ibration methods were not un iform. As recommended in  
c l in ica l  practice gu idel i nes,1 · 25•23 a lbuminuria was assessed as the a lbumin-to-creat in ine 
ratio. If fi rst morning voids were not ava i l ab le, spot u rine samples or  samples from 24h 
u ri ne  col lections were used. In stud ies in which no quantitative a lbuminuria measurements 
were ava i lab le, data on d ipstick testing for prote inu ria were col lected.17• 18•20 
Besides eGFR and a lbuminuria, i nformation on demographic factors and ca rd io­
vascu l a r  risk factors were obta ined to compare base l ine characteristics of the d ifferent 
cohort stud ies and to adjust for confounding in mu ltiva riab le models. Card iovascu la r  
disease history was defined as a h istory of myocardia l i nfa rction, bypass g rafting, 
percuta neous coronary intervention, hea rt fa i l u re, or  stroke. Hypertension was defined as 
systol ic b lood pressure 2':140 mm Hg or diastol ic b lood pressure ;;;,: 90 m m  Hg or use of 
antihypertensive medication .  Hypercholestero lemia  was defined as total cholestero l >5.0 
mmol/I in the case of a positive h istory of card iovascu la r  disease and as >6.0 mmol/I in the 
case of a negative history of ca rd iovascu la r  d isease. Diabetes me l l itus was defined as 
fasting g lucose 2':7.0 mmol/I or  non-fasting g l ucose ;;;,: 1 1 .1 mmol/I or use of g l ucose-lower­
ing d rugs. Smoking habit was d ichotomised as cu rrent versus not cu rrent smoking.  
Outcome measures for this meta-ana lysis were a l l-cause morta l ity and card iovascu la r  
morta l i ty, with the latter defined as death d ue to myocard ia l  i nfa rction, hea rt fa i l u re, 
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sudden cardiac death, or stroke. Cardiovascular mortality was chosen as a specific cause 
of death, as it is the leading cause of death in individuals with chronic kidney disease.14 
Statistical analysis 
Our primary objective was to evaluate the associations of eGFR and albuminuria, 
independently and jointly on all-cause mortality and cardiovascu lar mortality. To maximize 
uniformity and minimize bias, investigators from the cohort studies were invited to 
collaborate in a pooled analysis following an a priori analytic plan using standard statistical 
code provided by the analytic team of the CKD Prognosis Consortium. All analyses were 
conducted using Stata version 10 or 11 (Stata Corp, College Station, TX, SAS version 9 (SAS 
Institute, Cary, NC), or R version 2.9.2 (R Foundation for Statistical Computing, Vienna, 
Austria). All data classification was performed separately by analytic teams at the John 
Hopkins B loomberg School of Public Health, Baltimore, USA (KM, JC, and BCA) and the 
University Medical Center Groningen, Groningen, the Netherlands (MvdV, PEdJ, and RTG), 
and differences were resolved by consensus. 
Some of the included cohorts consisted of participants of randomised controlled 
trials.15· 17• 20•22 All participants in these trials met our inclusion criteria (high risk for chronic 
kidney disease). Of these cohorts, only data were used that were obtained during the trial, 
thus no follow-up data beyond the duration of the actual trials were taken into account. In 
multivariable regression analysis, we adjusted for treatment al location, enhancing gener­
alizability of these trial populations to the observational cohorts in our pooled analysis. 
For each study, a table was generated providing baseline study characteristics. Cox 
proportional hazard models were used to estimate the hazard ratios for all-cause mortality 
and cardiovascular mortality. These analyses were adjusted for age, sex, race, cardiovascular 
disease history, smoking status, diabetes mellitus, systolic blood pressure, and serum total 
cholesterol, and for randomized controlled trials also for treatment arm. The independent 
continuous association of eGFR and albuminuria with risk for all-cause and cardiovascu lar 
mortality was evaluated after adjusting for each other and for cardiovascular disease risk 
factors. eGFR and albumin-to-creatinine ratio were modeled using linear splines with 
knots at 45, 60, 75, 90, and 105 ml/min per 1.73 m2, and 10, 30, and 300 mg/g, respectively. 
eGFR 95 ml/min per 1.73 m2 and an albumin-to-creatinine ratio 5 mg/g were treated as the 
reference points. These points were chosen, as they reflect the anticipated low-risk groups. 
Interactions between eGFR and both albuminuria and age were evaluated by likelihood­
ratio tests in ind ividual studies, with albuminuria and age treated as continuous variables. 
For each outcome variable, information was generated for the joint association of eGFR 
and albuminuria with kidney outcomes. Eight eGFR categories were defined: <15, 15-29, 
30-44, 45-59, 60-74, 75-89, 90-104, and �105 ml/min per 1.73 m2• These 15 ml/min per 
1.73 m2 categories were chosen to correspond to current chronic kidney disease stages 
1-5, and to evaluate whether these stages should be subdivided. For albumin-to-creati­
nine ratio, we defined four categories: <10, 10-29, 30-299, and �300 mg/g. These 
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categories were chosen to correspond to current definitions for microalbuminuria and 
macroalbuminuria, and to evaluate whether the normoalbuminuria category should be 
subdivided. When information on albumin-to-creatinine ratio was lacking, we used 
information on dipstick proteinuria. As it has been shown that the majority of subjects 
with a dipstick trace have high-normal albuminuria, dipstick l +  microalbuminuria, and 
dipstick �2+ macroalbuminuria,28 we defined four dipstick categories: negative, trace, l+, 
and �2+, respectively. A priori, the reference categories of eGFR 90-104 ml/min per 1.73 m2 
and an albumin-to-creatinine ratio <10 mg/g or dipstick negative were chosen, as they 
were considered to represent subjects with the lowest risk. For all of the 32 eGFR x 
albuminuria categories, information was obtained on the distribution of subjects and the 
distribution of incident events. For each study, the unadjusted incidence rate per 1000 
person-years was calculated for each category. Hazard ratios were estimated with 
adjustment for the aforementioned cardiovascular risk factors. We conducted complementary 
analyses where eGFR and albumin-to-creatinine ratio were modeled continuously using 
the same statistical models and adjustments. These models were parameterized with 
eGFR of 95 ml/min per 1 .73 m2, albumin-to-creatinine ratio of 5 mg/g or dipstick negative/ 
trace as the reference point (hazard ratio=l.0). 
Pooled unadjusted incidence rates were obtained by weighting the individual studies 
by the number of subjects per category. Pooled estimates of the adjusted hazard ratios, 
with 95% confidence intervals, were obtained from random effects meta-analyses. 
Heterogeneity was estimated using the x2-test for heterogeneity and the /2 statistic.29 
Meta-analyses were conducted separately for cohorts with albumin-to-creatinine ratio 
data and cohorts with dipstick data. As there were few participants (0.2%) with eGFR < 15  
ml/min per 1.73 m2 , we  only report results for participants with eGFR �15 ml/min/ per 
1.73 m2 • A priori, it was considered that age could be an important effect modifier, and 
hence results were also produced for age <65 and �65 years. As statistical heterogeneity 
in the associations under study was anticipated, we a priori defined systematic exploration 
of possible source heterogeneity. This was done by meta-regression analysis, using the 
continuous analyses with a random effects model, in the eGFR and albumin-to-creatinine 
ratio knots of most clinical interest (eGFR 45 ml/min per 1 .73 m2 and albumin-to-creatinine 
ratio 30 mg/g). As possible sources of heterogeneity all variables listed in Table 1 were 
investigated, some being known risk factors for all-cause and cardiovascular mortality 
(for example, blood pressure, cholesterol, and diabetes), others being effect modifiers 
(age and follow-up duration). In all analyses, a P-value <0.05 was considered to indicate 
statistical significance. 
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Results 
Study characteristics 
Of 10 high-risk cohorts (266,975 subjects), 6 had data on albumin-to-creatinine ratio 
(117,500 subjects) and 4 on dipstick proteinuria (149,475 subjects) (Table 1). Acronyms and 
abbreviations for studies included in the current report are given in Addendum Table Al . 
By definition, the study participants have a high prevalence of cardiovascular disease risk 
factors. The characteristics of the dipstick cohorts are, in general, comparable to those of 
the albumin-to-creatinine ratio cohorts, with the albumin-to-creatinine ratio cohorts 
having a higher percentage of males and subjects with diabetes and a history of 
cardiovascular disease, and a lower percentage of Blacks. In the cohorts with information 
on albumin-to-creatinine ratio, there were 8706 all-cause deaths and 3171 cardiovascular 
disease deaths during follow-up. In the subjects with dipstick data, these figures are 7303 
and 2485, respectively. A total of 36.7% of the subjects in the pooled study population 
with measurements of albumin-to-creatinine ratio had chronic kidney disease according 
to the current definition (eGFR <60 ml/min per 1.73 m2 or albumin-to-creatinine ratio �30 
mg/g) (Addendum Tables A2 and A3). This subgroup accounted for 58.6% of all-cause 
mortality events (Addendum Table A4 online) and 59.4% of cardiovascular mortality 
events (Addendum Table AS online). Data on cardiovascular mortality were available in 
only two of the dipstick cohorts, which differed greatly in sample size and duration of 
follow-up. 
Independent continuous associations of eGFR and albuminuria 
with mortality risk 
Pooled adjusted hazard ratios of all-cause mortality and cardiovascular mortality according 
to eGFR and albumin-to-creatinine ratio are shown in Figure 1. The association between 
eGFR and relative risk for all-cause mortality and cardiovascular mortality was relatively 
constant between 60 and 105 ml/min per 1.73 m2, and steadily increased at eGFR below 60 
ml/min per 1.73 m2 (Figure 1, left panels). For all-cause mortality, adjusted hazard ratios at 
eGFR 60, 45, and 15 ml/min per 1.73 m2 were 1.03 (0.81-1.33), 1.38 (1.15-1.65), and 3.11 
(2.26-4.27), respectively, whereas for cardiovascular mortality, the adjusted hazard ratios 
were 1.11 (0.93-1.32), 1.73 (1.49-2.00), and 3.08 (1.89-5.01), respectively. The pattern for 
all-cause mortality was comparable in the dipstick cohorts (Addendum Figure Al ), except 
there was a tendency for a U-shaped relationship with significantly decreased risk at eGFR 
75 ml/min per 1.73 m2 (hazard ratio 0.83 (0.77-0.91)) and a significantly increased risk at 
eGFR below 45 ml/min per 1.73 m2 (hazard ratio at 15 ml/min per 1.73 m2 1.93 (1.46-2.56)). 
In contrast, the relationship of albumin-to-creatinine ratio to the relative risk of all-cause 
mortality and cardiovascular mortality was monotonic with log hazard ratios increasing 
linearly with increasing log albumin-to-creatinine ratio, without threshold effects (Figure 
1, right panels). As compared with an albumin-to-creatinine ratio of 5 mg/g, hazard ratios 
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Table 1 Characteristics of included studies 
N Age Male Black CVD HT 
year % % % % 
Cohorts with albumin-to-creatinine ratio data 
- ADVANCE 11 ,140 65.8 57.5 NA 32.2 82.2 
- AKDN 67,406 55.8 56.8 NA 5.0 46.8 
- ONTARGET 25,620 66.4 73.3 2.5 92 NA* 
- Pima 6,341 26.4 45.4 0 NA 12.9 
- TRANSCEND 5,926 66.9 57 1.8 92.5 NA* 
- ZODIAC 1,067 67.9 43.4 0 34.9 83.3 
Total 117,500 
Weighted mean 58.0 59.2 1 .9 32.7 49.3 
Cohorts with dipstick data 
- CARE 4,098 58.6 86.2 3.2 100 82.9 
- KEEP 92,316 54.8 31.7 31 .3 1 3.0 57.3 
- KP Hawai i  40,21 0  59.0 50.4 NA 1 7.0 NA 
- MR FIT 12,851 46.2 100 7.2 0.0 62.3 
Total 149,475 
Weighted mean 55.3 44. 1  27.4 1 5.3 58.8 
Abbreviations are: HT, hypertension; HC, hypercholesterolemia; OM, d iabetes mel l itus; CVD, cardiovascular 
disease; eGFR, estimated glomerular fi ltration rate; ACR, a lbumin:creatinine ratio; FU, du ration of follow-up; 
ACM, all-cause mortality; CVM, cardiovascular mortal ity, NA* in ONTARGET and TRANSCEND respectively, a 
history of hypertension was reported by 69% and 76%, and statin use by 62% and 55%. 
for al l-cause mortality at albumin-to-creatinine ratios of 1 0, 30, and 300 mg/g were 1 .08 
(1 .01-1.16), 1 .38 (1.23-1.56), and 2.16 (1 .99-2.35), respectively, and for cardiovascular 
mortality 1.13 (1.07-1.20), 1.55 (1.30-1.86), and 2.59 (1.95-3.44), respectively. 
Interactions 
The interaction between eGFR and albuminuria was significant for all-cause mortality in 
only 4 of 1 0  cohorts, and for cardiovascular mortality in only 1 of 7 cohorts (Addendum 
Table A6). Significant interaction between eGFR and age was found in 3 of 1 0  cohorts for 
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OM Smoking eGFR ACR FU ACM 
% % mVmin/1.73m2 mg/g Year n 
100 15.1 78.2 15.9 4.8 1,031 
49.0 NA 76.8 1 1 .1 2.3 2,371 
37.5 12.6 73.6 52.2 4.5 3,068 
20.4 27.8 1 44 1 1 .9 13.5 1,083 
35.7 9.8 71.7 25.3 4.6 713 
100 18.6 63.8 19.6 7.8 440 
8,706 
49.6 14.9 79.5 21 .4 3.8 
14.2 16.1 71.9 4.8 371 
30.5 11 .1 81 .2 2.4 568 
48.0 13.6 71.5 2.4 1 ,706 
3.1 63.7 79.7 21.6 4,658 
7,303 
32.4 16.4 78.2 4.1 
Joint associations of eGFR and albuminuria with mortality risk in 









2 1 1 
2,274 
2,485 
Table 2 shows unadjusted incidence rates of all-cause and cardiovascular mortality for 
cohorts with albumin-to-creatinine ratio data. Pooled hazard ratios for all-cause mortality 
and cardiovascular mortality in the 28 categories of eGFR and albuminuria show that a 
higher albumin-to-creatinine ratio is associated with a higher risk across all levels of eGFR 
and a lower eGFR is associated with a higher risk across all levels of albumin-to-creatinine 
ratio, indicating multiplicative independence for all-cause mortality and cardiovascular 
mortality (Table 3). At severely reduced eGFR values (15-29 ml/min per 1 .73 m2) ,  the risk 
associated with higher albuminuria was slightly attenuated. The hazard ratios for all-cause 
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(upper panels) and cardiovascular (lower panels) mortality in high risk cohorts 
with albumin-to-creatinine ratio data, according to spline eGFR (left panels) 
and albumin-to-creatinine ratio (right panels), adjusted for each other and for 
age, sex, race, cardiovascular disease history, systolic blood pressure, diabetes, 
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eGFR, ml/min/1 .73m2 ACR, mg/g 
Reference categories are eGFR 95 ml/min/1 .73m2 and a lbumin-to-creatinine ratio Smg/g, respectively. 
Dots represent statistical significance, triangles represent non significance, and shaded areas are 95% Cls. 
Abbreviations are: HR, hazard ratio; eGFR, estimated glomerular filtration rate; ACR, a lbumin-to-creatin ine ratio. 
mortality were significantly increased in all eGFR categories with an albumin-to-creatinine 
ratio �30 mg/g, whereas the hazard ratios for lower eGFR at an albumin-to-creatinine ratio 
<30 mg/g were significantly increased only for eGFR categories <45 ml/min per 1.73 m2. In 
contrast, the hazard ratios for cardiovascular mortality were significantly increased in all 
albumin-to-creatinine ratio �10 mg/g categories, even when eGFR was >60 ml/min per 
1.73 m2 and for all eGFR <60 ml/min per 1.73 m2 categories, even when the albumin-to­
creatinine ratio was <10 mg/g. 
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with a lbumin-to-creatinine ratio data. Shaded areas make up the combined reference groups 
Albumin-to-creatinine ratio (mglg) 
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eGFR 90-1 04 8.2 1 1 .5 1 4. 1  29.9 10.4 ::; --- 3 
mUmin/1.73m1 75-89 8.9 1 0.6 1 6.0 40.0 1 1 .0 
60-74 9.3 1 2.9 1 9.2 37.3 12.4 
QI 
.... 
45-59 1 4.5 20.4 26.3 46.3 1 9.8 
'< 
::I 
30-44 27.5 35.6 45.0 66. 1  38.6 ::; 
io· 
15-29 45.7 58.3 68.7 76.2 6 1.7 ::; � �--
iii' All 10.5 14.4 20.8 44.4 14.4 .,,_. 
QI 





Table 3 Pooled adjusted Hazard Ratios (95% Cls) for all-cause and cardiovascular mortality in the high risk cohorts with albumin-to­























Albumin-to-creatinine ratio (mg/g) 
<1 0 1 0-29 
1 .26 (0.97- 1 .64) 
Ref 
. -- ·-"· - ... ,,_ -----
0.88 m.10-1 .1 n 
0.82 (0.64-1 .05) 
1 . 1 6  (J.77--1 .73) 
1 .54 ( 1 . 1 1 -2.1 3) 
2.73 (1 .87-3.97) 
Ref 
1 .20 (0.89-1 .62) 
·-· -�·· 
Ref 
1 .02 (0.82- 1 .26) 
1 .00 (0.8 1 -1 .23)  
1 .42 (1 .14-1 . 77) 
2.27 (1 .72-3 .01) 
3.93 1 :! . l 0-7.35) 
Ref 
·-·-
1 .31 ( 1 .07-1.60) 
1 .26 ;1 .05-1 .51 / 
1 .1 2  (0.85- 1 .48) 
1 . 1 8 (0.89-1.56) 
1 .39 (0.97-1 .98) 
2.06 (1 A2-2.97) 
3.52 (2.18-5.69) 
1 .28 ( 1 . 1 7-1 .39) 
1 .62 (1 . 1 0-2.39) 
1 .56 ( 1 .1 2-2.1 7) 
1 .34 ( 1 .03-1 .76) 
1 .54 (1 .16-2.04) 
2.06 (1 .60-2.66) 
3.74 (2.06-6.78) 
5.60 (2.34- 1 3.43) 
1 .46 (1 .32-1 .62) 
Abbreviations are: eGFR, estimated glomerular filtration rate; Ref, reference cell. 
30-299 
1 .51 , 1 .2:\- 1 .84, 
1 .63 (1 .37- 1 95) 
1 .58 ·1 .36-1.84) 
1 .63 ( "  .28-:.071 
1 .96 (1 .57-2.43) 
2.84 ( 1 .93-4.06) 
3.73 '.2.90-4.80) 
1 .79 (1 .60-2.00) 
2.04 (1 .40-2.95) 
1 .95 (1 .44-2.65) 
1 .82 ( 1 .42-2.34) 
2.01 (1 .55-2.59) 
2.56 (2.03-3 .22j 
3.95 (3.02-5 . 1 8) 
6.06 (3.89-9.45) 
2.09 ( 1 .73-2.53) 
�300 
2.97 I}. 1 9-4.04) 
2.72 (2.08-3.56) 
2.91 (2.28-3.73) 
2.67 '. l .76-4.04) 
3.58 (2.54-5 .05) 
3.99 (2.73-5.83) 
5.43 (3 .94-7.49) 
3.29 (3.04-3.56) 




5.58 (3. 1 9-9.79) 
6.00 (4.40-8.18) 
7.21 (4.33-1 1 .99) 
4.02 (3 .50-4.62) 
All 
1 .10  (0.96- l .26) 
Ref 
0.93 i'0.77-1 .12) 
0.98 10.75-1.27; 
1 .37 ( 1 .JC- 1 .88) 
2.01 ( l .4 7-2.75) 
3.21 (2.58-4.01) 
1 .03 (0.86-1.24) 
Ref 
0.98 (0.85- 1 . 1  3) 
1 .0 1  (0.80-1 .28) 








Table 4 Unadjusted incidence rates (per 1 000 patient years) for a l l-cause mortality and cardiovascular mortality in the high risk cohorts 
with dipstick data. Shaded areas make up the combined reference groups 
Albumin-to-creatinine ratio (mg/g) 





> 1 05 3.8 2.0 6.7 8.7 3.8 :s Q. 
eGFR 90- 1 04 � 4.2 8.2 24.3 6. 1 
Ill 
c= 
mUmin/1 .73m2 75-89 6.9 6.8 1 0.9 28.3 7.8 
C: 
3 
60-74 8.0 9.1 1 8.2 32.5 1 0.5 5· C: .... 
45-59 1 0. 1  1 4.5 30.7 52.9 18.0 iii. 
30-44 1 8.3 26.2 40.8 69.9 35.9 (I) 
Ill 
1 5-29 32.4 55 . 1  49.8 1 1 3.2 75.5 Ill Ill 
0 





> 1 05 7 . 1  9.2 23.8 9.2 8.2 � ::+ 
eGFR 90- 1 04 8.2 9.9 1 9. 1  1 7.7  8.9 :::r 3 
mUmin/1 .73m2 75-89 7.2 8.2 8.5 25.6 7.6 
r+ 
60-74 8.6 1 0.8 1 2.9 22.3 9.3 � ::+ 
45-59 1 0. 1  1 0. 1  35.3 21 .8 12.7 
'< 
:s 
30-44 4.6 20.7 27.5 48. 1 16.3 :::r 
1.0· 
1 5-29 # # # # # :::r .... 
All r a.o 9.6 15.9 23.3 8.8 iii' '11-' 
"O 
Ill 
Abbreviations are: eGFR, estimated glomerular filtration rate; #, insufficient number of events for reliable estimates. r+ rii' 
'-J :s r+ w Ill 
Chapter 4 
For cohorts with dipstick data, unadjusted incidence rates for all-cause and cardio­
vascular mortality are shown in Table 4, and pooled hazard ratios for these end points in 
Table 5. This latter table shows that pooled hazard ratios for all-cause mortality were 
similarly increased for a higher dipstick category across all eGFR levels and for a lower 
eGFR across all dipstick categories. However, because of the U-shaped relationship, these 
hazard ratios were significantly higher than the reference group only at an eGFR level of 
30-45 ml/min per 1.73 m2 and below, and hazard ratios were not significantly increased in 
the eGFR 45-59 ml/min per 1.73 m2 category with a negative or trace positive dipstick test. 
Figure 2 shows the continuous analyses (allowing interaction) of the hazard ratios of 
eGFR and albuminuria for all-cause mortality and cardiovascular mortality of cohorts with 
albumin-to-creatinine ratio and dipstick data. These figures suggest that eGFR and 
albuminuria are independently associated with all-cause mortality and cardiovascular 
mortality, with a tendency towards a weaker association between albumin-to-creatinine 
ratio and these outcomes at severely reduced eGFR values. The two cohorts with dipstick 
data that reported on cardiovascular mortality included very few persons with lower 
eGFR. Interpretation of these data is therefore difficult. 
Joint associations of eGFR and albuminuria with mortality risk 
per age group 
The overall incidence rates for all-cause mortality and cardiovascular mortality were four­
and twofold higher, respectively, in the subgroup of subjects with age �65 years compared 
with the subgroup with age <65 years (Addendum Tables A7 and AS). For albumin-to­
creatinine ratio cohorts, pooled hazard ratios for all-cause mortality and cardiovascular 
mortality of the 28 categories of eGFR and albumin-to-creatinine ratio according to age 
group are shown in Tables 6 and 7, respectively. For higher albumin-to-creatinine ratios, 
younger and older subjects showed a similar pattern for all-cause mortality and 
cardiovascular mortality. However, the patterns for eGFR were less steep among older 
subjects when compared with younger subjects. For all-cause mortality in dipstick 
cohorts, these patterns were generally similar to those in albumin-to-creatinine ratio 
cohorts (Table 8). Only one of the two dipstick cohorts that reported on cardiovascular 
mortality included subjects �65 years of age. For this reason, no data are shown for risk for 
cardiovascular mortality according to age group in dipstick cohorts. 
Heterogeneity 
For the categorical analyses, we found modest but statistically significant heterogeneity in 
pooled adjusted hazard ratios within some eGFR x albuminuria categories. For all-cause 
mortality, heterogeneity was significant in 9 of 28 categories in the albumin-to-creatinine 
ratio cohorts, and in 6 of 28 categories in the dipstick cohorts (Addendum Table A9). 
For cardiovascular mortality, heterogeneity was significant in 2 of 28 categories in the 
albumin-to-creatinine ratio cohorts (Addendum Table Al0). Qualitatively, however, the 
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(left panels) and cardiovascular (right panels) mortality according to eGFR and 
albuminuria based on continuous models with eGFR (splines), albuminuria 
(log-linear albumin-to-creatinine ratio or categorical dipstick) and their 
interaction terms. 
1 5  30 45 60 75 90 1 05 1 20 
eGFR, ml/min/1.73m2 
1 5  30 45 60 75 90 1 05 1 20 





[ �  
N 
(Y) 
1 5  30 45 60 75 90 1 05 1 20 
eGFR, ml/min/1.73m2 
1 5  30 45 60 75 90 1 05 1 20 
eGFR, ml/min/1.73m2 
Upper panels show data for high risk cohorts with a lbumin-to-creatinine ratio data, and lower panels for h igh risk 
cohorts with dipstick data. Hazard Ratios are adjusted for age, sex, race, cardiovascular disease history, systolic 
blood pressure, diabetes, smoking, and total cholesterol. Dots represent statistical significance, tr iangles 
represent non significance, and shaded areas are 95% Cls. In this figure a lbuminuria is treated categorically. 
Lower l ines represent an a lbumin-to-creatinine ratio <30mg/g or depistick negative or trace, midd l e  lines 
represent an  a lbumin-to-creatinine ratio 30-299 mg/g or dipstick 1 +, and upper l ines an a lbumin-to-creatinine 
ratio �300mg/g or dipstick �2+. Abbreviations are: HR, hazard ratio; eGFR, estimated g lomerular filtration rate; 




Table 5 Pooled adjusted Hazard Ratios (95% Cls) for all-cause and cardiovascular mortality in high risk cohorts with dipstick data. 
Shaded areas are the reference groups 
Dipstick (classes) 
Negative trace 1 +  �2+ All . -
All-Cause Mortality 
> 1 05 1 .08 (0.9 1 - 1  .27) 1 . 1 6  (0.69- 1 .97) 2. 1 0  ( 1 . 33-3.32) 1 .86 (0.63-5.46) 1 .06 (0.93- 1 .22) 
eGFR 90- 1 04 Ref 1 .09 (0.90- 1 .32) 1 .63 . 1 .::.:0-2.2 1 \  3.86 ( 1 A4- 1 0  36) Ref 
mUmin/l .73m1 75-89 0.82 (0.75-0.90) 1 .02 (0.86- 1 .20) 1 .35 ,0.88-2.05) 3 .22 ( 1 .59--6.52) 0.85 (0.76-0.95) 
60-74 0.8 1 (0.73-0.89) 0.93 l0.79- 1 . 1 1 )  1 .4 1  \ J.85-2.35} 2.29 ("i .32-3.98) 0.85 (0.74-0.97) 
45-59 0.88 (0.75- 1 .Q3) 1 .05 (0.82- 1 .36J 2.25 '. 1 .55<-< .25) 2.40 ( 1 . 1 3 -5 . 1 2) 1 .07 (0.84- 1 .35) 
30-44 1 . 1 8  (0.68-2.06) 1 .87 ( 1 .30-2.68) 2.5 1 ; 1 .78-3.54) 5.50 (3 .56-8.50) 1 .69 ( 1 .34-2. 1 2) 
1 5-29 3 . 1 2 ( 1 .53-6.3 7) 4.25 (2 . 1 1 -8.58) 3.49 (2.26-5.4 1 )  7. 1 4  (4.64-1 0.99) 3.40 (2.70-,1 .29) 
All Ref 1 .24 ("I .09- 1 .4 i ! 1 .93 , 1 .38-2.70) 3.48 Cl .75-6.92) 
Cardiovascular Mortality 
> 1 05 0.96 (0.73- 1 .26) 1 .07 (0.62- I .83) 3.05 (0.60- 1 5.40) 1 . 1 8  (0 29-4.75) 0.96 (0.76- 1 .2 1 ) -
eGFR 90- 1 04 Ref 1 . 1 0  (0.8 1 - 1 .50) 2.07 ( 1 .24-3.46) 2.28 Cl .07-4.86) Ref 
mUmin/1.73m2 75-89 0.87 (0.75- 1 .00) 1 .03 (0.85- 1 .26) 1 .03 (0.72- 1 .48) 2.82 ( 1 .03-7.70) 0.86 (0.76-0.98) 
60-74 0.86 (0.75-1 .00) 1 .05 (0.72- 1 .54) 1 .29 (0.9 1 - 1 .82) 1 .9 1  (0.96- 3.79) 0.86 (0.76--0.98) 
45-59 0.89 (0.79- 1 . 1 5) 1 .04 (0.65- 1 .66) 2.70 ( 1 .29-5.68) 1 .62 (0.80-3 .3 1 )  0.94 (0.76- 1 . 1 6) 
30-44 0.55 (0. 1 3-2.3 1 )  1 .07 (0.23-5.05) 3.06 (0.8 1 -1 1 .56) 3.45 ( l  .0H 1 .76) 1 .07 (0.5 1 -2.22) 
1 5-29 # # # # # 
All Ref 1 . 1 5 ( 1 .03- 1 .29) 1 .57 ( 1 .27- 1 .93) 2.30 1• 1 52-3.50) 







Table 6 Pooled adjusted Hazard Ratios (95% Cls) for all-cause mortality in the high risk cohorts with albumin-to-creatinine ratio data, 
by age group. Shaded areas are the reference groups 
Albumin-to-creatinine ratio (mg/g) 
< 1 0  1 0-29 30-299 �300 All 
All-cause mortality, younger than 65 years 
>105 1 .43 (1 .1 3- 1 .80) 1 .33 (1.04-1 .72) 1 .45 (1 .12- 1 .88) 3 .10  (2.20-4.38) 1 .12 t0.94- 1 .3 3) 
eGFR 90-104 Ref 1 .45 (1 .07- 1 .97) 1 .58 ( 1 .24-2.01) 2.79 (1 .98-3.95) Ref 
(mUmin/1 .73m2) 75-89 0.90 (0.69-1 .19) 1 .30 (0.77-2.20) 1 .77 (1 .31-2.38) 2.92 (2.1 1-4.03) 1 .00 (0.76-1 .32) 
60-74 0.80 (0.62-1 .04) 1 .32 (0.88-1 .97) 1 .77 (1 .22-2.56) 3.60 (2.48-5 .21) 1 .04 (0.77- 1 .40) 
45-59 1 .21 (0.79-1.84) 1 .60 (1 .04-2.45) 2.21 (1 .41-3.46) 4.88 (3.47-6.88) 1 .72 ( 1 . 1 0-2.69) 
30-44 2.03 (1 .26-3.27) 2.96 (0.88-10.03) 3.67 ( 1 .77-7.61) 6.22 (4.54-8.5 1 )  2.73 (I .78-4.20) 
15-29 9.27 (2.92-29.45) 9.16 (4.19-20.00) 5.79 (3.03-11 .0S) 6.42 (4.12- 1 0.02) 4.69 (3.42-6.42) 
All Ref 1 .34 (1 .08-1 .66) 1 .73 (1.44-2.07) 3.40 (2.77-4.16) 
All-cause mortality, 65 years or older 
> 1 05 1 .03 (0.7 1 -1 .49) 1 .30 (0.92-1 .85) 1 .59 (1 .15-2.18) 2.54 (1 .24-5 .17) 0.99 (0.79- 1 .24) - -- r Ref eGFR 90-104 Ref 1 .09 (0.82-1 .45) 1 .66 (1.27-2 . 1 6) 2.62 (1 .68-4.07) 
(mUmin/1.73m2) 75-89 0.87 (0.66-1 .14) 1 .00 (0.74- 1 .36) 1 .51 (1 .22-1 .86) 2.81 (1.86-4.26) 0.82 (0.65-1.03) 
60-74 0.81 (0.60-1.09) 1 .02 t0.71-1 .46) 1 .43 (1 .03-1.99) 2.04 t l  .20-3.46) 0.86 (0.67-1.09) 
45-59 0.98 (0.69- 1 .38) 1 .23 (0.80-1 .90) 1 .90 (1.47-2.44) 3 .0 1  (2.22-4.09) 1 .14  (0.89- 1 .46) 
30-44 1 .46 (0.98-2.17) 1 .89 (1.32-2.69) 2.45 (1.62-3.69) 3 .1 0 (2.08-4.61) 1 .71 (1 .27-2.31) 
1 5-29 2.67 ( 1 . 71 --4.18) 2.92 (1 .77-4.82) 3.46 (2.52-4.75) 5.22 (3.36-8. 1 0) 2.81 (2.27-3.49) 
All Ref 1 .3 1  ( 1 .22-1 .41) 1 .85 (1 .73-1 .98) 3 . 1 8 (2.87-3 .51) 
Abbreviations are: eGFR, estimated glomerular filtration rate; Ref, reference cell. 




































Table 7 Pooled adjusted Hazard Ratios (95% Cls) for cardiovascular mortality in the high risk cohorts with albumin-to-creatinine ratio data, 
by age group. Shaded areas are the reference groups 
Albumin-to-creatinine ratio (mglg) 
< 1 0  10-29 30-299 ;?:300 All 
Cardiovascular cause mortality, younger than 65 years 
>105 1 .27 (0 84- 1 .94) 1 .78 (0.95-3.34) 2.05 (0.89-4 7 1 )  4.55 ( 1 .92- W.82) 0.96 10.74- 1 24) 
eGFR 90-104 Ref 2.09 ;o.99-4.44) 2.20 :. 1 35-3.59) 6.24 (3.35 - 1 1 .1541 Ref 
(mUmin/1 .73m1) 75-89 1 .11 (0.81 -1 .52) 2.06 (0.88-4.84) 2.22 (1 .53-3.23! 5.35 (2.96-9.66) 1 .04 (0.85-1 .29) 
60-74 1 .00 (0.64- 1 .56) 1 .65 ( 1 .07-2.53) 2.72 (1 .43-5 . 1 8) 6.71 (2.0'! -22.46) 1 .1 1  (0.71 - 1 .73) 
45-59 1 .57 ( 1 .09-2.26) 2.83 (1 .49-5.38) 3_00 (1 .3.)-6.74) 7.48 (2.24-24.96) 2.09 ( 1 .09-3.98) 
30-44 3.06 ( 1 .69-5.52) 9.89 (2 . 1 5-45.45) 4.55 (1 .64- 1 2.62) 9.12 (5 .63-14.761 3.26 (1 .85-5.73) 
15-29 13.12 (1 .80-95.72) 1 7.52 (4.59-66.8 1 )  13.00 (3.19-53.02) 13.60 (5.11-36. 1 oj 6.11 l .3.49-10.70) 
All Ref 1 .53 (1 . 1 5-2.04) 2.07 (1 .60-2.68) 4.54 (3.59-5. 73) 
Cardiovascular mortality, 65 years or older 
>105 1 .22 (0.78-1.90) 1 .63 (0.92-2.39) 2.38 (1 .52-3 .75) 5.62 (1 .35-23.47) 1 .21 (0.9 1 -1.60) 
eGFR 90-104 Ref 1 .39 (0.89-2 . 1  5) 1 .83 (1 .18-2.84) 2.97 ( 1 .25-7.02) Ref 
(mUmin/1 .73m1) 75-89 0.98 (0.73-1 .32) 1 .22 (0 77-1 .92) 1 .72 ( 1 .23-2.40) 4.70 (2.92-7.58) 0.94 (0.7 4-1 .19) 
60-74 1 .02 (0.76-1 .361 1 .39 (0.95-2.02) 1 .69 (1 .0 1 -2.85) 3.87 (2.55-5.90) 1 .00 (0.77-1 .321 
45-59 1 .31 (0.91 - 1 .9 , )  1 .94 ( 1 .41-2.66) 2.62 (1 .94-3.55) 4.73 (3.2 1 -6.96) 1 .50 (1 .24-1.82) 
30-44 2.08 ( 1 .36-3 .16) 2.95 (2 .02-4.33) 4.03 (2.89-5 .62) 5 .20 C-<Al-7.92) 2.44 (1 .97-3.03) 
15-29 3.96 (1 .99-7.87) 4.39 ( 1 .94-9.93) 5 .85 (3.53-9.68) 6.24 (3.33-1 'i .72) 3.72 (2.67-5 . 1 9) 
All Ref 1 .47 (1.30- 1 .66) 2.07 (1 .69-::) .53) 3.78 (3. 1 3-4.49) 









Table 8 Pooled adjusted Hazard Ratios (95% Cls) for all-cause mortality in the cohorts with dipstick data, by age group. Shaded areas are 
the reference groups 
Dipstick (classes) 
Negative trace 1 +  �2+ All 
All-cause mortality, younger than 65 years 
> 1 05 1 .06 {0.89- 1 .26) 1 . 1 6  (0.64-2.08) 2.09 {1 .09-3 .99) 1 .59 (0.63-3.99) 1 .07 {0.92- 1 .24) 
j 
- -
_ _J eGFR 90- 1 04 Ref 1 .06 (0.86- 1 .29) 1 .55 ( 1 .09-2.20) 3.06 ( 1 . 1 7-8.04) Ref ---
(mUmin/1.73m2) 75-89 0.87 (0.56-1 .35) 0.98 (0.85- 1 . 1 2) 1 . 1 9  (0.93- 1 .53) 2.94 ( 1 .4 1 -6. 1 3) 0.83 (0.72-0.97) 
60-74 0.8 1 (0.73-0.89) 0.88 (0.76- 1 .02) 1 .50 (0.79-2.84) 2.61 ('I .24-5.49) 0.90 (0.72- 1 . 1 2) 
45-59 0.87 (0.73-1 .04) 0.93 (0.65- 1 .3 1 )  2.75 ( 1 . 1 0-6.87) 3.22 ( 1 .25-8.29) 1 .47 (0.83-2.59) 
30-44 2.26 (0.9 1 -5.57) 1 .82 (0.79-4.20) 3 . 1 6  Cl .59 -6.27) 6.1 1 (3 .34-1 'l . 'I 8) 2.08 ('I .25-3.46) 
1 5-29 6.62 ( 1 .54-28.44) 1 0.84 ( 1 .4 1 -83. 1 9) 4.06 ( 1 .58- 1 0.44) 1 2.06 (5 .28-27.53 6.26 (3.96-9.90) 
All Ref 1 . 1 3  ( 1 .04- 1 .2 1 )  1 .95 ( 1 .26-3.0 1 )  3.85 ( 1 .64-9.08) 
All-cause mortality, 65 years or older 
> 1 05 1 .53 (0.74-3 . 1 7) 0.98 (0.36-2.69) 2.52 (0.86-7.39) 3.70 (1 .02- 1 3 .46) 1 . 1 2  (0.66- 1 .9 1 )  -
J eGFR 90- 1 04 Ref 1 .35 (0.74-2.46) 1 .75 (0.92-3.34) 6.70 (3.02- 1 4.87) Ref 
(mUmin/1 .73m2) 75-89 0.79 l0.49-1 .30\ 1 .44 (0.88-2 34) 1 .97 ( 1 . 1 9-3.27) 4.40 (2.30-8.43) 0.9 1 (0.70- 1 . 1 9) 
60-74 0.77 (0.49-1 .2 1 )  1 . 1 1  (0.70- 1 .76) 1 .70 ( 1 .07-2 .7 i )  2.62 ( 1 45-4.76) 0.83 (0.55-1 .25) 
45-59 0.93 (0.59- 1 .47) 1 . 1 2  (0.70- 1 .78) 2.05 ( 1 .29-3.24) 2.90 ('I .38-6.07) 0.90 (0.7 1 - 1  . 1 5) 
30-44 1 .20 (0.72 - 1 .99) 1 .74 ( 1 .07-2.82) 2.45 ( 1 .53-3.93) 5.30 (2.89-9.70) 1 .5 1  (1 .00-2.27) 
1 5-29 2.57 ( 1 .05-6.33) 3.53 ( 1 .75-7 . 1 2) 3.03 Cl .76-5.24) 5.68 (3.26-9.88) 2.58 ( 1 .96-3.41 )  -
All Ref 1 .43 ( 1 .24- 1 .64) 2.3 1 (2.02-2.64) 4.56 (3. 1 8-6.54) 

































di rection of the associations was the same in a l l  cohorts-increased risk with lower eGFR 
categories a nd with higher a lbuminuria categories. Sig n ificant heterogeneity was, in 
nea rly a l l  cases, l imited to the lowest eGFR and the h ighest a lbuminuria categories. 
Significa nt heterogeneity for a l l-cause morta l ity and cardiovascular morta l ity was 
observed in on ly very few of the eGFR x a lbuminu ria categories of most c l in ical i nterest 
(eGFR of 45-60 ml/min per 1 .73 m2 and a lbumin-to-creatin ine ratio 30-300 mg/g or 
d ipstick 1 +). 
For the continuous ana lyses, forest plots are shown for the eGFR and a lbumin-to­
creatin ine ratio knots of most c l in ica l i nterest (eGFR 45 m l/mi n  per 1 .73 m2 and a lbumin­
to-creati n ine ratio 30 mg/g) (Addendum Figure A2). For a l l -cause morta l ity, sig n ificant 
heterogeneity was found, whereas for ca rd iovascu lar  morta l ity, this was not observed . 
Meta-regression ana lysis was conducted for a l l -cause morta l ity and card iovascular 
morta l ity at these knots to explore sources of heterogeneity, ta king into account a l l  
va ria b les l isted in  Table 1 .  Only two (nea r) s ign ificant associations were found: duration of 
fo l low-up  and base l ine eGFR was negative ly associated with relative risk for a l l -cause 
morta l ity at an a lbumin-to-creatin ine ratio 30 mg/g when compared with 5 mg/g 
(Addendum Fig u re A3). However, both meta-regressions a re, for a la rge part, expla ined by 
1 outl ier (Pima Ind ian study), characterized by a h igh base l ine eGFR (144 m l/min per 1 .73 
m2). Without this outl ier, no sign ificant associations were noted (P=0.33 and P=0.20, 
respectively). 
Discussion and conclusion 
In this co l laborative meta-ana lysis of 1 0  high-risk cohorts, inc l uding 267,275 subjects, we 
found that a lower eGFR and a h igher  a lbuminuria were associated with a h igher r isk for 
a l l-cause mortal ity, independent of each other and independent of trad it ional cardio­
vascu lar  d isease risk factors. A s imi la r  association of eGFR a nd a lbuminuria was found with 
the risk for ca rd iovascular morta l ity. 
The r isk for a l l-cause morta l ity and ca rdiovascu lar  morta l ity based on eGFR and 
a lbuminuria has been reported in  a l im ited nu mber of h igh-r isk cohorts .1 5• 16· 1 ' The cu rrent 
meta-ana lysis confirms these studies and extends the genera l izabi l ity of these data to 
other popu lat ions worldwide. Furthermore, our col laborative meta-ana lysis i nc ludes 
1 6,702 a l l-cause morta l ity a nd 5656 ca rdiovascu la r  morta l ity events, substantia l ly more 
than the number of events in reports of individual studies, a l lowing more precise evaluation 
of the independent and joint associations of these measures with these outcomes. 
We observed an  exponentia l  increase in risk for both a l l-cause morta l ity and 
card iovascu la r  morta l ity risk at low eGFR. In the cohorts with a lbumin-to-creatin ine ratio 
data, increased haza rd ratios became statistica l ly sign ificant a round eGFR 60 m l/min  per 
1 .73 m2, and were two- and threefold higher at eGFR 45 and 15 m l/min  per 1 .73 m2, 
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respectively, compared with optimal eGFR, independent of albuminuria and potential 
confounders. In the cohorts with dipstick data, we observed a U-shaped relationship, and 
the increased hazard ratio with lower eGFR became significant only below eGFR 45 ml/ 
min per 1 .73 m2• We also observed the U-shaped relationship with all-cause mortality in 
the general population cohorts,11 and it has been observed by others.30This U-shaped 
relationship can make it more difficult to interpreter the eGFR threshold for increased risk. 
Of note, the Modification of Diet in Renal Disease Study equation is known to underestimate 
measured GFR at the range of GFR ;?:60 ml/min per 1.73 m2 in healthy individuals, and to 
have more variability among racial groups, such as Blacks and Pima lndians.31 Furthermore, the 
Modification of Diet in Renal Disease equation overestimates measured GFR in individuals 
with reduced muscle mass because of ill health, the latter potentially contributing to the 
U-shaped association of GFR with mortality. 
The association of albuminuria with mortality was linear on the log-log scale, with a 
1.5- and 2.5-fold higher risk at albumin-to-creatinine ratio 30 and 300 mg/g (corresponding 
to thresholds for microalbuminuria and macroalbuminuria), respectively, compared with 
an optimal albumin-to-creatinine ratio level (5 mg/g), independent of eGFR and 
conventional cardiovascular disease risk factors. Of note, the risk for cardiovascular 
mortality was statistically significant at an albumin-to-creatinine ratio of 10 mg/g 
compared with 5 mg/g. These findings are in agreement with previous reports that the 
association of albuminuria with all-cause mortality and cardiovascular mortality appears 
continuous with increased risk at levels below 30 mg/g.15• 32-34 Our findings of an increased 
relative risk of lower eGFR and of higher albuminuria were, in general, comparable for 
cohort studies with data on dipstick and cohort studies with data on albumin-to-creati­
nine ratio. These findings suggest that measurement of dipstick proteinuria is useful for 
risk stratification, despite being a less precise measure of albuminuria. 
The statistical code that was sent to the participating cohorts rendered output that 
did not permit computation of a meta-analytic result for interactions. However, the 
general pattern of a graded increase in risk with lower eGFR and higher albuminuria was 
present for subjects younger as well as older than 65 years of age. Moreover, the hazard 
ratios for higher albuminuria for both all-cause mortality and cardiovascular mortality 
increase to a similar extent in older and younger subjects, and in cohorts with albumin-to­
creatinine ratio data as well as in cohorts with dipstick data. In contrast, the pattern of 
higher relative hazards of a lower eGFR for all-cause mortality and cardiovascular mortality 
is less steep in the subgroups older than 65 years of age than in those younger than 65 
years of age (Tables 4 and 5). This less steep relationship with lower eGFR may be a 
reflection of the increased incidence rates for these outcomes in the older subgroup 
(Addendum Table A3). Similar findings have been reported for traditional cardiovascular 
risk factors.35 Of note, tests for interaction between eGFR and age for all-cause mortality 




The pattern of an increased risk for all-cause mortality and cardiovascular mortality 
for both a lower eGFR and a higher albuminuria in these high-risk cohorts is comparable 
to that observed in the general population cohorts.1 1  This is an important observation in 
the context of the recommendations for screening for chronic kidney disease. Current 
recommendations limit screening to subjects at increased risk.1• 2• 3• 4 The similar relative 
risks for mortality of lower eGFR and higher albuminuria in general population and 
high-risk population cohorts suggest that the potential benefit of detecting a case of 
chronic kidney disease would be similar in both populations. However, the yield from 
screening would be expected to be higher in the high-risk population because of the 
higher prevalence of chronic kidney disease. Further study of the benefit of case detection 
and yield of screening for chronic kidney disease is required to inform public health 
policies. 
We acknowledge that this meta-analysis has limitations. First, we did not perform a 
systematic literature search to identify all potential eligible cohorts. However, study 
selection was unbiased with respect to the associations of interest, and most of the 
included cohorts had not reported or investigated these associations before we 
performed our pooled analysis. Selection bias is therefore unlikely. To our knowledge, the 
present analysis is the largest and most comprehensive assessment of the relationship 
between eGFR and albuminuria in high-risk populations. Second, the data analysis we 
used provides superior consistency of results compared with a review of the literature, but 
falls short of having a uniform study protocol and centralized laboratories across all 
cohorts. Measurements of creatinine and albuminuria were not comparable across all 
cohorts. Third, no data could be taken into account on effects of treatment that was 
started during follow-up. Therefore, it cannot be excluded that the observed associations 
are influenced by the start of specific treatments. However, if such treatment is effective in 
preventing all-cause and cardiovascular mortality, as is expected for cardiovascular disease 
risk reduction, then it would be expected to lead to an underestimation of the true relative 
risk of low eGFR and high albuminuria for these outcomes. Fourth, our results showing 
residual statistical heterogeneity imply that the relationships of eGFR with all-cause mortality 
and of albumin-to-creatinine ratio with all-cause mortality (and their level of statistical 
significance) may differ across various subpopulations, although what characterizes these 
subpopulation differences could not be determined using meta-regression. 
Strengths of our study are the large sample size and large number of well-defined 
outcomes. Moreover, the consistency of our findings in both continuous as well as 
categorical analyses, in cohorts with albumin-to-creatinine ratio data as well as in cohorts 
with dipstick data, with respect to both all-cause mortality as well as to cardiovascular 
mortality, shows the robustness of our findings and makes likely that bias would not have 
had a major role. Finally, the similarity between our present findings in high-risk cohorts 
and previous findings in general population cohorts1 1 and cohorts including only subjects 
with known chronic kidney disease13 strengthens the validity of our findings that both 
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eGFR and albuminuria are independently associated with outcome. These considerations, 
together with the fact that the presently studied cohorts originate from all over the world 
(Addendum Table Al ), suggest that the results are generalizable to a broad population. 
Altogether the relative risks in this analysis are consistent with the current KDOQI 
thresholds for eGFR <60 ml per min per 1.73 m2 and albumin-to-creatinine ratio �30 mg/g 
for the definition of chronic kidney disease as indicative of increased mortality risk. They 
also suggest that the addition of albuminuria stages in chronic kidney disease staging 
independent of GFR would be helpful in predicting mortality risk. The finding that 
mortality risk is substantially higher in subjects with an eGFR 30-45 when compared with 
45-60 ml/min per 1.73 m2 supports the proposed subdivision of the present stage 3 
chronic kidney disease into two stages. Some have suggested age-specific thresholds, 
arguing that lower eGFR at older age is a reflection of ageing36 and associated with lower 
risk for adverse outcomes than at younger age.37•38 We indeed found a less steep pattern 
of relative risk of all-cause mortality with lower eGFR in older subjects compared with 
younger subjects. However, absolute mortality risk is higher in older versus younger 
subjects, and relative risks for cardiovascular mortality were more similar in older versus 
younger subjects. Therefore, these data do not provide evidence for the use of age-specific 
eGFR thresholds to define chronic kidney disease. In general, decisions regarding which 
levels of eGFR and albuminuria to be used for the definition and staging of chronic kidney 
disease and guide clinical management should incorporate a wide range of considerations, 
including not only relative risk, but also prevalence, absolute risk, risk classification, and the 
cost-effectiveness of preventive measures. 
In conclusion, our data show that both albuminuria and eGFR are associated with 
all-cause and cardiovascular mortality, independent of each other and independent of 
cardiovascular risk factors. These findings provide a quantitative basis for including these 
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Addendum 
Figure Al Pooled adjusted Hazard Ratios (95%Cls) for all-cause mortality in  high risk 
cohorts with dipstick data, according to spline eGFR, adjusted for dipstick 
proteinuria, age, sex and cardiovascular risk factors (continuous analyses). 
a:: 
:c r� 
1 5  30 45 60 75 90 1 05 1 20 
eGFR, ml/min/1 .73m2 
Reference category is eGFR 95 ml/min/1 .73m2• Dots represent statistical significance, triangles non significance, 
and shaded areas a re 95% Cls. 
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Chapter 4 
Figure A2 Forest plots of adjusted hazard ratios at eGFR 45 ml/min/1.73m2 (adjusted for 
albumin-to-creatinine ratio and cardiovascular risk factors) and at albumin-to­
creatinine ratio 30 mg/g (adjusted for eGFR and cardiovascular risk factors). 
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Figure A3 Meta-regression of log adjusted hazard ratio for all-cause mortality at 
albumin-to-creatinine ratio 30 mg/g (versus 5 mg/g) on duration of follow-up 
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Table Al Acronyms or abbreviations for studies included in the current report and 





KP Hawai i  





The Action in Diabetes and Vascu lar Disease: Preterax and Diamicron 
Modified Release Controlled Eva luation (ADVANCE) tria l 1 
Alberta Kidney Disease Network2 
the Cholesterol and Recurrent Events (CARE) Trial3 
Kidney Early Evaluation Program4 
Kaiser Permanente Hawai i  Cohort5 
Multiple Risk Factor I ntervention Trial6 
Ongoing Telmisartan Alone and in combination with Ramipri l Global 
EndpointTrial (ONTARGET) study7 
Pima I ndian Study8 
Telmisartan Randomised Assessment Study in ACE I ntolerant Subjects 
with Cardiovascu lar Disease Trial9 
Zwol le Outpatient Diabetes project I ntegrating Avai lable Care 10 
Of these 10 included cohorts 5 are North-America based (AKDN, CARE, KEEP, MR FIT, Pima), of which 1 
included native Americans in contrast to the other 4 cohorts. The other 5 cohorts included subjects from 
The Netherlands (ZODIAC), Hawaii (KP Hawaii), or a large number of countries, most outside North-America 
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Table A2 Distribution of subjects for analysis of all-cause mortality 
(expressed as percentage of the total population under study). 
Shaded areas are the reference groups 
Pooled analysis of high risk population cohorts with albumin-to-creatinine ratio data 
Overall 
Albumin-to-creatinine ratio 
< 1 0  1 0-29 30-299 >300 All 
> 1 05 4.7 3.7 2.2 0.3 1 1 .0 
90- 1 04 3.6 2.6 0.4 13.7 
75-89 1 5.3 6.8 4.9 0.7 27.8 
60-74 1 5.3 6.9 5.5 0.9 28.7 
eGFR 45-59 6.2 3.5 3.3 0.9 13.9 
mUmin/1,73m1 30-44 1 . 1 1 .0 1 .3 0.6 4.0 
1 5-29 0 . 1  0 . 1  0.3 0.3 0.8 
< 1 5  0.0 0.0 0.0 0.0 0.0 
All 25.7 20.3 4.3 100.0 
Pooled analysis of high risk population cohorts with dipstick data 
Overall 
Dipstick 
Neg trace l +  �2+ All 
> 1 05 4.3 3.5 1 .5 0.3 9.6 
90- 1 04 7.9 4.7 1 .9 0.3 
75-89 1 6.8 7.7 3.2 0.6 28.3 
60-74 1 5 .2 7 . 1  3 .7  0.8 26.9 
eGFR 45-59 6.6 3.8 3.0 0.9 14.2 
mUmin/1,73m1 30-44 1 .3 1 .2 1 .6 0.7 4.9 
1 5-29 0. 1 0 . 1  0.4 0.5 1 .2 
< 1 5 0.0 0.0 0.0 0.2 0.2 
All 52.3 28. 1 15.4 4.2 100.0 
Abbreviations are: eGFR. estimated glomerular filtration rate. 
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Subdivision according to age 
<65 year >65 year 
Albumin-to-creatinine ratio Albumin-to-creatinine ratio 
< 1 0  1 0-29 30-299 >300 All < 1 0  1 0-29 30-299 >300 All 
6.9 5 .4 3 . 1  0.5 1 5.9 1 .3 0.8 0.8 0.1 3 .0 
9.2 4.6 3.3 0.6 17.7 33 1 .9 1 .6 0.2 7. 1 
1 8.0 7.5 4.9 0.8 3 1.3 1 0.8 5.9 4.8 0.6 22. 1 
1 5 .0 5.7 4.1 0.8 25.6 1 5.9 9.0 7.8 1 .2 33.9 
3.8 1 .7 1 .6 0.6 7.8 9.9 6.5 6.1 1 .3 23.9 
0.4 0.3 0.5 0.4 1.5 2.3 2. 1  2.8 1 .0 8. 1 
0.0 0.0 0. 1 0.2 0.3 0.3 0.3 0.7 0.4 1 .7  
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 1 
53.3 25.2 1 7.6 3.9 100.0 43.9 26.6 24.7 4.9 100.0 
Subdivision according to age 
<65 year >65 year 
Dipstick Dipstick 
Neg trace l +  �2+ All Neg trace l +  �2+ All 
5.6 4.5 2.0 0.4 1 2.5 1 . 1 0.7 0.4 0. 1 2.2 
9.8 5.7 2.3 0.4 18.2 3.0 2 . 1  1 .0 0.1 6.2 
1 9.9 8.6 3.5 0.7 32.7 9.0 5.3 2.4 0.3 1 1. 1  
1 4.9 6. 1 3.0 0.7 24.7 1 6.0 9.9 5.6 0.9 32.4 
4.7 2 . 1  1 .7 0.7 9.3 1 1 .3 7.9 6. 1 1 .4 26.7 
0.5 0.3 0.6 0.4 1.9 3.5 3.4 4. 1 1 .5 12.4 
0.0 0.0 0.2 0.3 0.6 0.3 0.3 1 .0 1 .0 2.7 
0.0 0.0 0.0 0. 1  0. 1 0.0 0.0 0.0 0.2 0.3 
S.£.5 27.5 1 3.3 3.7 100.0 44. 1 29.6 20.7 5.6 1 00.0 
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Table A3 Distribution of subjects for analysis of cardiovascular mortality (expressed 
as percentage of the total population under study). Shaded areas are the 
reference groups. Only two dipstick cohorts reported on cardiovascular 
mortality, of which one did not include subjects >65 years. 
Pooled analysis of high risk population cohorts with albumin-to-creatinine ratio data 
Overall 
Albumin-to-creatinine ratio 
< 1 0  1 0-29 30-299 >300 All 
> 1 05 7.7 5.8 2.9 0.4 1 6.8 
90- 1 04 6.8 2.5 2.2 0.4 1 1 .8 
75-89 1 3 .9 4.7 4.3 0.5 23.4 
60-74 1 6. 1  5.5 5 .0 0.8 27.5 
eGFR 45-59 8.2 3.2 3.6 0.8 15.9 
mUmin/1,73m7 30-44 1 .6 0.8 1 . 1 0.5 4.0 
1 5-29 0.1 0.1 0.2 0.2 0.6 
< 1 5  0.0 0.0 0.0 0.0 0.0 
All 54.4 22.6 1 9.5 3.5 1 00.0 
Pooled analysis of high risk population cohorts with dipstick data 
Overall 
Dipstick 
Neg trace l +  ;:::2+ All 
> 1 05 2.6 0.5 0.2 0.1 3.4 
90- 1 04 10.3 1 .6 0.5 0.1 1 2.5 
75-89 34.2 5.9 1 .5 0.4 42.0 
60-74 27.0 5.0 1 .6 0.4 34.0 
eGFR 45-59 5.3 1 . 1 0.7 0.3 7.4 
mUmin/1,73m7 30-44 0.3 0.1 0.2 0. 1 0.7 
1 5-29 0.0 0.0 0.0 0.0 0.0 
< 1 5  0.0 0.0 0.0 0.0 0.0 
All 79.7 14.3 4.7 1.4 1 00.0 
Abbrev10tions are: eGFR. estimated glomeru/ar filtration rate. 
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Subdivision according to age 
<65 year >65 year 
Albumin-to-creatinine ratio Albumin-to-creatinine ratio 
< 1 0  1 0-29 30-299 >300 All < 1 0  1 0-29 30-299 >300 All 
1 3.4 1 0.6 4.8 0.7 29.5 2.2 1 .2 1 . 1 0 . 1  4 .6 
8.8 2.9 2.7 0.5 14.9 4.9 2 . 1  1 .7 0.3 8.9 
1 3.6 4.0 3.8 0.5 22.0 1 4.3 5.3 4.8 0.5 24.9 
1 3.6 4.0 3.9 0.7 22.2 1 8.6 6.9 6.2 0.9 32.5 
5 . 1  1 .5 2 . 1  0.6 9.4 1 1 .2 4.9 5.0 1 .0 22.2 
0.6 0.3 0.5 0.4 1 .8 2 .5 1 .3 1 .7 0.7 6. 1 
0.0 0.0 0. 1  0. 1 0.3 0.2 0.1 0.3 0.2 0.8 
0.0 0.0 0.0 0.0 0. 1 0.0 0.0 0.0 0.0 0.0 
55. 7 23.4 18.0 3.5 100.0 53.8 2 1 .8 20.8 3.6 100.0 
Subdivision according to age 
<65 year >65 year 
Dipstick Dipstick 
Neg trace l +  �2+ All Neg trace l +  �2+ All 
2.8 0.6 0.2 0.1 3.6 0.8 0.0 0. 1 0. 1 0.9 
1 1 .0 1 .7 0.5 0.1 13.3 2.1 0.4 0.4 0.0 2.9 
35.8 6.2 1 .4 0.5 43.9 1 3 .6 2.4 3 . 1  0.2 1 9.3 
26.9 4.9 1 .3 0.4 33.4 28.4 6.7 4.8 0.9 40.8 
4. 1 0.8 0.4 0.2 5.6 1 9.6 4.9 4. 1  1 . 1 29.1 
0. 1 0.0 0.1 0.0 0.2 2.9 1 . 1 1 .3 0.6 6.0 
0.0 0.0 0.0 0.0 0.0 0.1 0 . 1  0.2 0.0 0.4 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
&0.7 14.2 3.9 1 .3 100.0 15.6 14.0 2.9 100.0 
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Table A4 Distribution of all-cause mortality events (expressed as percentage of the 
total population under study). Shaded areas are the reference groups. 
Pooled analysis of high risk population cohorts with albumin-to-creatinine ratio data 
Overall 
Albumin-to-creatinine ratio 
<1 0 1 0-29 30-299 >300 All 
>105 4.7 3.6 2.4 0.7 11 .4 
90-104 2.4 2.5 0.8 
75-89 7.8 4.1 5.2 1 .3 1 8.5 
60-74 9.2 5.9 7.5 2.2 24.8 
eGFR 45-59 6.7 5.0 7.0 2.9 2 1.6 
mUmin/1,73m1 30-44 2. 1  2.2 4.0 2.3 10.5 
15-29 0.4 0.5 1 .3 1 .2 3.5 
<15 0.0 0.0 0.0 0.2 0.3 
All 34.1 23.1 29.9 1 1 . 7  100.0 
Pooled analysis of high risk population cohorts with dipstick data 
Overall 
Dipstick 
Neg trace 1+ 2!2+ All 
> 1 05 2.4 0.7 0.4 0. 1 3.6 
90- 1 04 1 .9 0.8 0.4 1 1 .8 
75-89 24.4 5.7 2.1 1 .0 33. 1 
60-74 1 9.6 5.3 3.0 1.2 29. 1 
eGFR 45-59 4.3 2.4 3.5 1 .8 12.0 
mUmin/1,73m1 30-44 0.9 1 .2 2.5 2.0 6.6 
15-29 0.1 0.2 0.8 1 .8 3.0 
<15 0.0 0.0 0.0 0.7 0.1 
All 60.6 1 7.2 13.2 9.0 100.0 
Abbreviations are: eGFR. estimated glomerular filtration rate. 
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Subdivision according to age 
<65 year >65 year 
Albumin-to-creatinine ratio Albumin-to-creatinine ratio 
< 1 0  1 0-29 30-299 >300 All < 1 0  1 0-29 30-299 >300 All 
1 1 .9 9.1 5 .0 1 .9 27.9 1 .0 0.8 1 .0 0.2 3 .0 
4.0 3.9 1 .6 15.7 1 .5 1 .9 0.5 6.2 
8.9 4.0 5 . 1  1 .8 1 9.9  7.3 4.2 5.3 1 . 1 17.7  
8.0 3.8 5.0 2.3 1 9. 1  9.8 7.0 8.8 2. 1 27.7 
3 .9 1 .8 3.0 2.6 1 1 .3 8.2 6.6 9. 1 3.0 26.9 
0.7 0.5 1 . 1 1 .9 4.2 2.8 3 . 1  5.4 2.5 1 3.8 
0.1 0.2 0.3 0.8 1 .5 0.5 0.7 1 .8 1 .4 4.5 
0.0 0.1 0.0 0.4 0.4 0.0 0.0 0. 1 0.1 0.2 
39.8 23.6 23.5 1 3.2 100.0 32. 1 23.8 33.2 10.9  1 00.0 
Subdivision according to age 
<65 year >65 year 
Dipstick Dipstick 
Neg trace 1 +  2".2+ All Neg trace 1 +  2".2+ All 
3.1 0.8 0.4 0. 1 4.4 0.6 0.3 0.4 0.2 1 .4 
1 1 .4 2. 1  0.7 0.3 14.6 1 .2 1 .3 1 . 1 0.5 4. 1 
3 1 .8 6.4 1 .8 1 .0 4 1.0 3.4 3.5 2.8 0.9 1 0. 7  
24.0 4.9 1 .8 0.8 3 1.6 7 . 1  6.2 6.5 2 . 1  2 1 .9 
3.4 0.9 1 . 1 0.9 6.3 7.0 6.5 1 0.2 4.5 28.2 
0.2 0.1 0.4 0.5 1 .2 2.9 4.2 8.5 6.3 22.0 
0.0 0.0 0.1 0.5 0.7 0.4 0.8 2.9 5.6 9.7 
0.0 0.0 0.0 0.2 0.3 0.0 0.0 0. 1  2.0 2. 1 
15.3 6.4 4.4 100.0 22.5 22.8 32.5 22.2 1 00.0 
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Table AS Distribution of cardiovascular mortality events (expressed as percentage 
of the total population under study). Shaded areas are the reference groups. 
Only two dipstick cohorts reported on cardiovascular mortality, of which 
one did not include subjects >65 years. 
Pooled analysis of high risk population cohorts with albumin-to-creatinine ratio data 
Overall 
Albumin-to-creatinine ratio 
< 1 0  1 0-29 30-299 >300 All 
> 1 05 2.5 1 .8 2.3 0.5 7.2 
90- 1 04 2 . 1  2.5 0.9 9.6 
75-89 9.5 3.9 5.2 1 .5 20. 1 
60-74 1 1 .4 5.4 7.2 2 . 1  26. 1 
eGFR 45-59 9.1 4.9 6.9 2.8 23.7 
mUmin/1,73m2 30-44 3 . 1  2 . 1  3.5 2.2 1 0.9  
1 5-29 0.4 0.4 0.8 0.6 2.2 
< 1 5  0.0 0.0 0.0 0 . 1  0. 1 
All 40.0 20.5 28.6 10. 9  100.0 
Pooled analysis of high risk population cohorts with dipstick data 
Overall 
Dipstick 
Neg trace l +  �2+ All 
> 1 05 2.5 0.6 0.3 0. 1 3.5 
90-1 04 1 1 .0 1 .9 0.7 0.3 13.9 
75-89 33.3 6.4 1 .4 1 .0 42.0 
60-74 26.6 5.5 1 .6 0.6 34.3 
eGFR 45-59 3.8 0.8 0.9 0.4 6.0 
mUmin/1,73m2 30-44 0. 1 0. 1 0. 1  0. 1  0.4 
1 5-29 0.0 0.0 0.0 0.0 0.0 
< 1 5  0.0 0.0 0.0 0.0 0.0 
All 15.3 5.0 2.4 100.0 
Abbreviations are: eGFR. estimated glomerular filtration rate. 
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Subdivision according to age 
<65 year >65 year 
Albumin-to-creatinine ratio Albumin-to-creatinine ratio 
< 1 0  1 0-29 30-299 >300 All < 1 0  1 0-29 30-299 >300 All 
4.9 3.7 3.7 1 .5 1 3 .8 1 .4 0.9 1 .6 0. 1 4 . 1  
6.2 2.8 4.4 2.0 15.4 1 .7 1 .7 0.4 6.8 
1 1 .9 3.9 5.8 2.0 23.5 8.4 3.9 4.9 1 .3 1 8.5 
1 0.3 4.1 6.6 2.3 23.2 1 2.0 6.1 7.5 2.0 27.5 
6.2 2.8 3.9 2.8 15. 7  1 0.4 5.9 8.4 2.8 21.5 
1 .5 0.8 1 .5 2.7 6.5 3.9 2.7 4.5 1 .9 1 3.0 
0.1 0.3 0.3 0.7 1 .5 0.5 0.4 1 .0 0.6 2.5 
0.0 0.0 0.0 0.4 0.4 0.0 0.0 0.0 0.0 0.0 
4 7 .4 18.4 26. 1 14.4 1 00.0 JB.5 2 1 .6 29.7 9.2 1 00.0 
Subdivision according to age 
<65 year >65 year 
Dipstick Dipstick 
Neg trace l +  �2+ All Neg trace l +  �2+ All 
2.6 0.6 0.3 0. 1 3.5 1 .0 0.0 1 .0 0.0 2.0 
1 1 .5 1 .9 0.7 0.3 14.3 1 .0 1 .0 1 .0 0.0 3.0 
34.2 6.6 1 .3 1 .0 43. 1 1 1 .9 1 .0 2.0 1 .0 15.8 
26.6 5.3 1 .5 0.5 34.0 26.7 8.9 4.0 1 .0 40.6 
3.4 0.7 0.4 0.3 4.8 1 3.9 5.0 1 2.9 1 .0 32.7 
0.0 0.0 0.0 0.0 0.2 1 .0 1 .0 2.0 2.0 5.9 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
78.3 15.2 4.2 2.3 100.0 55.4 16.8 22.8 5.0 1 00.0 
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Table A6 Statistical significance for interaction between eGFR and age, and 
between eGFR and albuminuria in the models adjusted for covariates for 
all cause and cardiovascular mortality 
All-cause mortality 
eGFR * age 
(p-value) 
Cohorts with albumin-to-creatinine ratio data 
- ADVANCE 0.046 
- AKDN ACR 0.05 1 
- ONTARGET 0.469 
- Pima 0.895 
-TRANSCEND 0.020 
- ZODIAC 0.269 
Cohorts with dipstick data 
- CARE 0.365 
- KEEP 0.270 
- KP Hawai i  <0.00 1 
- MRFIT 0.434 
Cardiovascular mortality 
Cohorts with albumin-to-creatinine ratio data 
- ADVANCE 0.1 00 
- ONTARGET 0.055 
- Pima 0. 1 67 
- TRANSCEND 0.Q 1 8  
- ZODIAC 0.924 
Cohorts with dipstick data 
- CARE 0.323 
- MRFIT 0.383 
Interaction 
eGFR * albuminuria 
(p-value) 










0. 1 42 
0.036 
0. 1 64 
0.856 
0. 1 49 
0 . 1 02 
0.9 1 3 
In case the interaction term eGFR*age reached statistical signifi cance (p<0.05) this indicates that in this 
cohort the predictive value of eGFR for the outcome under study was l ess at older age. For the interaction 
term eGFR*a lbuminu ria statistical sign ificance indicates that the predictive value of h igher a lbuminuria was 
less at low eGFR. 
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Table A7 Incidence Rate for all-cause mortality (expressed per 1000 patient years) 
Shaded areas are the reference groups 
Pooled analysis of high risk population cohorts with albumin-to-creatinine ratio data 
Overall 
Albumin-to-creatinine ratio 
< 1 0 1 0-29 30-299 >300 All 
> 1 05 1 1 .7 1 0.8 1 3 .0 26.8 1 2.4 
90-1 04 9.4 1 1 .9 1 6.8 26.5 1 1 .9  
75-89 9.4 1 1 .5 20.9 32.2 12.5 
60-74 1 1 . 1 1 7.0 26.2 42.9 16.6 
eGFR 45-59 1 9.6 27.4 43.0 65.9 30. l 
mUmin/l,73m2 30-44 37 . 1  48.7 68.7 84.8 56.6 
1 5-29 1 05 .8 1 05.4 1 1 8.3 1 23.8 1 12.0 
All 12.4 1 1.6 29.8 54.3 1 9.2 
Pooled analysis of high risk population cohorts with dipstick data 
Overall 
Dipstick 
Neg trace 1 +  �2+ All 
> 1 05 3.8 2.0 6.7 8.7 3 .8 
90-1 04 6.0 4.2 8.2 24.3 6. 1 
75-89 6.9 6.8 1 0.9 28.3 7.8 
60-74 8.0 9.1 1 8.2 32.5 10.5 
eGFR 45-59 1 0. 1  1 4.5 30.7 52.9 18.0 
mUmin/1,73m2 30-44 1 8.3 26.2 40.8 69.9 35.9 
1 5-29 32.4 55 . 1  49.8 1 1 3 .2 75.5 
All 7.7 8.5 20.5 53.3 1 1 . 9  
Abbreviations are: eGFR. estimated glomeru/ar filtration rate. 
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Subdivision according to age 
<65 year >65 year 
Albumin-to-creatinine ratio Albumin-to-creatinine ratio 
<10 10-29 30-299 >300 All <10 10-29 30-299 >300 All 
9.7 7.4 8.2 22.3 9.2 21.1 26.9 33.9 93.7 26.8 
6.3 8.5 9.5 15.8 7.9 24.5 41.3 68.5 28.2 
5.2 5.4 10.6 1 7.9 6.6 20.5 23.1 37.8 67.2 26.0 
5.6 7.4 13.3 23.0 7.8 19.4 27.2 37.8 66.4 21.2 
9.8 11 .3 18.3 39.9 14.2 26.2 34.3 53.8 56.5 38.7 
19.0 15.5 24.1 52.0 26.9 41.8 57.0 81 .0 104.5 65.4 
71.7 72.0 41 .9 43.8 47.9 110.5 112.3 141 .4 1 74.0 1 35.4 
6.3 7.5 12. 1 21.0 8.4 22.9 3 1.0 49.3 87.7 34.0 
Subdivision according to age 
<65 year >65 year 
Dipstick Dipstick 
Neg trace 1+ �2+ All Neg trace 1+ �2+ All 
3.1 1 .4 4.9 4.9 2.8 13.0 9.1 31.3 53.6 16.0 
5.5 2.4 4.7 11 .9 4.6 16.6 27.7 119.6 17.6 
6.6 4.2 5.6 19.4 6.2 8.7 1 7.0 60.8 74.7 15.7 
7.3 5.1 9.9 20.4 7.5 9.8 15.6 28.8 57.1 16.2 
5.9 6.0 16.5 28.8 9.4 14.4 20.1 41 .0 80.6 25.9 
10.8 8.7 15.0 27.8 15.7 20.6 30.6 51 .3 102.9 43.5 
29.7 15.7 1 7.2 54.5 36.6 32.2 66.1 65.6 154.0 94.3 
3.8 8.5 24.4 6.6 1 9.2 39.0 10 1.3 24.8 
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Table AS Incidence Rate for cardiovascular mortality (expressed per 1000 patient 
years). Shaded areas are the reference groups. Only two dipstick cohorts 
reported on cardiovascular mortality, of which one did not include subjects 
>65 years. 
Pooled analysis of high risk population cohorts with albumin-to-creatinine ratio data 
Overall 
Albumin-to-creatinine ratio 
<10 10-29 30-299 >300 All 
>105 8.9 10.0 1 2.6 19.4 10.3 
90-104 8.2 11 .5 14.1 29.9 10.4 
75-89 8.9 10.6 16.0 40.0 1 1 .0 
60-74 9.3 12.9 19.2 37.3 12.4 
eGFR 45-59 14.5 20.4 26.3 46.3 1 9.8 
mUmin/1,73m2 30-44 27.5 35.6 45.0 66.1 38.6 
15-29 45.7 58.3 68.7 76.2 6 1 .7 
All 70.5 14.4 20.8 44.4 14.4 
Pooled analysis of high risk population cohorts with dipstick data 
Overall 
Dipstick 
Neg Trace 1+ 2:2+ All 
>105 7.1 9.2 23.8 9.2 8.2 
90-104 8.2 9.9 19.1 1 7.7  8.9 
75-89 7.2 8.2 8.5 25.6 7.6 
60-74 8.6 10.8 12.9 22.3 9.3 
eGFR 45-59 10.1 10.1 35.3 21 .8 12.7 
mUmin/1,73m' 30-44 4.6 20.7 27.5 48.1 16.3 
15-29 # # # # # 
All 8.0 9.6 15.9 23.3 8.8 
Abbreviations are: eGFR. estimated glomerular filtration rate; #, insufficient number of events for reliable estimates. 
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Subdivision according to age 
<65 year >65 year 
Albumin-to-creatinine ratio Albumin-to-creatinine ratio 
<10 10-29 30-299 >300 All <10 10-29 30-299 >300 All 
7.3 6.8 6.5 17.0 7.2 9.6 11 .8 20.8 27.2 1 2 .8 
6.7 9.1 11 .5 32.1 8.6 8.1 11 .7 1 7.6 23.2 10!9 
7.4 7.5 12.6 29.5 8.7 8.4 10.3 1 7.5 48.5 I I . I  
6.4 8.6 14.6 28.9 8.8 9.2 12.8 20.8 41 .8 1 2.9 
10.6 16.0 15.7 33.8 13.8 12.2 1 7.1 27.6 52.2 1 8.3 
20.7 22.3 24.4 75.1 30.6 22.0 29.7 44.2 61 .9 33.2 
59.5 61 .3 47.0 63.0 53.8 39.4 54.0 65.3 70.8 56.3 
7.5 9.4 13. l 35.8 9.8 10. 7  14. l  23.6 48. l 1 4.8 
Subdivision according to age 
<65 year >65 year 
Dipstick Dipstick 
Neg trace 1+ �2+ All Neg trace 1 +  �2+ All 
6.8 9.2 16.5 10.2 7.7 20.8 # # # 37.0 
8.2 9.4 1 7.7 17.7 8.8 7.6 45.5 40.8 # 16.9 
7.0 8.3 8.3 22.8 7.4 14.2 6.5 9.9 114.9 13.3 
8.0 9.6 12.5 22.6 8.6 16.0 22.1 14.0 21 .1 1 6.9 
9.3 6.9 1 7.2 24.4 10.2 12.0 1 7.2 62.5 14.9 1 9. l  
2.6 31.1 22.2 19.4 13.8 5.5 15 .5 30.2 64.1 1 7.5 
# # # # # # # # # # 
7.6 8.9 12.5 2 1 .7 8. 1 1 7.9 28.7 3 1.4 1 7.0 
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Table A9 Hazard Ratios for all-cause mortality, after adjustment for age, sex and 
cardiovascular risk factors (Bold: hazard ratio is statistically significant. 
Italic: pooled hazard ratio shows significant heterogeneity). Shaded areas 
are the reference groups. 
Pooled analysis of high risk cohorts with albumin-to-creatinine ratio data 
Overall 
Albumin-to-creatinine ratio 
< 1 0  1 0-29 30-299 >300 All 
> 1 05 1 .26 1 .31 1 .5 1  2.97 1 . 1 0  
90- 1 04 Ref 1 .26 1 .63 2.72 Ref 
75-89 0.88 1 . 12 1 .58 2.91 0.93 
60-74 0.82 1 . 18 1 .63 2.67 0.98 
eGFR 45-59 1 . 1 6  1 .39 1 .96 3.58 1 .37 
mUmin/1 .73m2 30-44 1 .54 2.06 2.84 3.99 2.01  
1 5-29 2.73 3.52 3.73 5.43 3.21 
All Ref 1 .28 1.79 3.29 
Pooled analysis of high risk cohort with dipstick data 
Overall 
Dipstick 
Neg trace 1 +  �2+ All 
> 1 05 1 .08 1 . 1 6  2.1 0 1 .86 1 .06 
90- 1 04 Ref 1 .09 1 .63 3.86 Ref 
75-89 0.82 1 .02 1 .35 3.22 0.85 
60-74 0.8 1 0.93 1 .4 1 2.29 0.85 
eGFR 45-59 0.88 1 .05 2.25 2.40 1 .07 
mUmin/1 .73m2 30-44 1 . 1 8  1 .87 2.5 1 5.50 1 .69 
1 5-29 3.1 2 4.25 3.49 7.1 4 3.40 
All 1 .24 1.93 3.48 
Abbreviations are: eGFR. estimated glomerular filtration rate. 
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Subdivision according to age 
<65 year >65 year 
Albumin-to-creatinine ratio Albumin-to-creatinine ratio 
< 1 0  10-29 30-299 >300 All <1 0 1 0-29 30-299 >300 All 
1.43 1 .33 1.45 3.10 1 . 1 2 1 .03 1 .30 1.59 2.54 0.99 
Ref 1.45 1 .58 2.79 Ref Ref 1 .09 1.66 2.62 Ref 
0.90 1 .30 1.77 2.92 1 .00 0.87 1 .00 1 .51 2.81 0.82 
0.80 1 .32 1.77 3.60 1 .04 0.81 1 .02 1.43 2.04 0.86 
1 .21 1.60 2.21 4.88 1.72 0.98 1 .23 1.90 3.01 1 .14  
2.03 2.96 3.67 6.22 2.73 1 .46 1.89 2.45 3.10 1.71 
9.27 9.16 5.79 6.42 4.69 2.67 2.92 3.46 5.22 2.81 
Ref 1.34 1.73 3.40 Ref 1.31 1 .85 3.18 
Subdivision according to age 
<65 year >65 year 
Dipstick Dipstick 
Neg trace l +  �2+ All Neg trace l +  �2+ All 
1 .06 1 .16 2.09 1 .59 1 .07 1 .53 0.98 2.52 3.70 1 .1 2  
Ref 1 .06 1.55 3.06 Ref Ref 1 .35 1 .75 6.70 Ref 
0.87 0.98 1 .19 2.94 0.83 0.79 1.44 1.97 4.40 0.91 
0.81 0.88 1 .50 2.6 1  0.90 0.77 1 . 1 1  1.70 2.62 0.83 
0.87 0.93 2.75 3.22 1 .47 0.93 1 . 1 2  2.05 2.90 0.90 
2.26 1 .82 3.16 6.11 2.08 1 .20 1.74 2.45 5.30 1 .51 
6.62 10.84 4.06 12.06 6.26 2.57 3.53 3.03 5.68 2.58 
Ref 1.13 1.95 3.85 1.43 2.31 4.56 
1 09 
Chapter 4 
Table A10 Hazard Ratio for cardiovascular mortality, after adjustment for age, sex 
and cardiovascular risk factors (Bold: hazard ratio is statistically significant. 
Italic: pooled hazard ratio shows significant heterogeneity). Shaded areas 
are the reference groups. Only two dipstick cohorts reported on 
cardiovascular mortality, of which one did not include subjects >65 years. 
Pooled analysis of high risk cohorts with albumin-to-creatinine ratio data 
Overall 
Albumin-to-creatinine ratio 
<10 10-29 30-299 >300 All 
> 1 05 1 .20 1 .62 2.04 3.55 1 .03 
90-104 Ref 1 .56 1 .95 4.1 2  Ref 
75-89 1 .02 1 .34 1 .82 4.76 0.98 
60-74 1 .00 1 .54 2.01 4.00 1 .01 
eGFR 45-59 1 .42 2.06 2.56 5.58 1.63 
mUmin/1.13m' 30-44 2.27 3.74 3.95 6.00 2.50 
15-29 3.93 5.60 6.06 7.21 3.98 
All Ref 1 .46 2.09 4.02 
Pooled analysis of high risk cohort with dipstick data 
Overall 
Dipstick 
Neg trace l +  �2+ All 
>105 0.96 1 .07 3.05 1 .18 0.96 
90-104 1 .10  2.07 2.28 Ref 
75-89 0.87 1 .03 1 .03 2.82 0.86 
60-74 0.86 1 .05 1.28 1 .91 0.86 
eGFR 45-59 0.89 1 .04 2.70 1.62 0.94 
mUmin/1 .73m2 30-44 0.55 1 .07 3.06 3.45 1 .07 
15-29 # # # # # 
1 . 1 5  1 .57 2.30 
Abbreviations are: eGFR. estimated glomerular filtration rate; #, insufficient number of events for reliable estimates. 
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Subdivision according to age 
<65 year >65 year 
Albumin-to-creatinine ratio Albumin-to-creatinine ratio 
<10 10-29 30-299 >300 All <10 10-29 30-299 >300 All 
1 .27 1 .78 2.05 4.55 0.96 1 .22 1 .63 2.38 5.62 1 .21 
Ref 2.09 2.20 6.24 Ref Ref 1 .39 1.83 2.97 Ref 
1 .11 2.06 2.22 5.35 1 .04 0.98 1 .22 1.72 4.70 0.94 
1 .00 1.65 2.72 6.71 I . I I  1 .02 1 .39 1 .69 3.87 1 .00 
1.57 2.83 3.00 7.48 2.09 1 .3 1  1 .94 2.62 4.73 1.50 
3.06 9.89 4.55 9.1 2 3.26 2.08 2.95 4.03 5.20 2.44 
13.12 17.52 13.00 13.60 6.11 3.96 4.39 5.85 6.24 3.72 
Ref 1.53 2.07 4.54 Ref 1.47 2.07 3.78 
Subdivision according to age 
<65 year >65 year 
Dipstick Dipstick 
Neg trace l +  �2+ All Neg trace l +  �2+ All 
0.98 1 .04 1 .68 1 .18  0.84 3.90 # # # 3.16 
Ref 1 .08 1.98 2.28 Ref Ref 3.42 4.86 # 
0.86 1 .04 1 .04 2.42 0.86 1 .77 0.96 0.99 25.56 0.82 
0.86 0.99 1 .31 2. 1 1  0.86 1 .85 2.31 1 .41 2.45 0.98 
1 .07 1 .01 1 .95 2.08 0.99 1 .44 1 .75 7.33 1 .46 1 .1 7  
0.76 4.06 3.36 2.72 1 .09 0.59 1 .90 5.11 9.35 1 . 1 2 
# # # # # # # # # # 
Ref 1.15 1.48 2.53 Ref 1 .20 1.92 2.19 





+ - .... � 
+ ++ -++.+ + + 
• +• ..... 
•:• � � ••• 
• 
- ·  • -
+ 
.... � + 
+ 
• •• 
Do a lbum inu ria and hs-CRP add to 
the I nternationa l  Diabetes Federation 
defin it ion of the metabo l ic synd rome 
i n  pred icti ng outcome? 
Marije van der Ve Ide 
Aminu K. Bello 
Auke H. Brantsma 
Meguid El Nahas 
Stephan J . L.Bakker 
Paul E. de Jong 
Ron T. Gansevoort 
Nephrology Dialysis Transplantation 2012; 27(6): 2275-2283 
Chapter 5 
Abstract 
The purpose of this study is to investigate the added value of elevated urinary albumin 
excretion (UAE) and high high-sensitive (-reactive protein (hs-CRP) in predicting 
new-onset type 2 diabetes mellitus (T2DM), cardiovascular disease (CVD) and chronic 
kidney disease (CKD) in addition to the present metabolic syndrome (MetS) defining 
criteria. The study population exists of the cohort of the PREVEN D Study, which is a 
prospective, population based cohort study in the Netherlands including 8592 participants. 
The metabolic syndrome was defined according to the 2004 IDF criteria, elevated UAE as 
albuminuria 2'.30 mg/24hr and high hs-CRP as 2'.3 mg/L. At follow-up, subjects without 
Mets when compared to subjects with Mets had a lower incidence of T2DM, CVD, as well 
as CKD (2.5 vs 15.5%; 4.1 vs 10.3% and 5.8% vs 11.2%, all p<0.001). In subjects with Mets, the 
incidence of all three outcomes was higher among subjects with elevated albuminuria 
versus subjects with normoalbuminuria (all p<0.01). The incidence of all outcomes was 
also higher among subjects with high hs-CRP versus subjects without elevated hs-CRP, 
but only significant for CKD (p=0.002). Multivariate analysis including elevated UAE, hs-CRP 
and the variables defining the metabolic syndrome showed that elevated albuminuria 
was independently associated with the risk for new-onset T2DM, CVD and CKD, whereas 
high hs-CRP was only independently associated with new-onset CVD and CKD. Our data 
show that elevated urinary albumin excretion has added value to the present metabol ic 
syndrome defining variables in predicting new-onset T2DM, CVD and CKD, whereas 
Hs-CRP adds to predicting new-onset CVD and CKD, but not T2DM. 
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Introduction 
Since the previous decades, there is great interest in the concept of the metabolic 
syndrome and its association with new-onset type 2 diabetes mellitus (T2DM) and cardio­
vascular disease (CVD).1•2 In addition, the metabolic syndrome (MetS) has been identified 
as risk factor for the development of chronic kidney disease (CKD)3 . 
The risk entailed by the metabolic syndrome as a conglomeration of cardiovascular 
(CV) and metabolic risk factors is attributed to the simultaneous and complimentary 
impact of its constituting factors.2·3 Microalbuminuria was initially one of the defining 
criteria for MetS4, but later it was dropped as criterion in subsequent definitions.5•6 This was 
done for reasons of practicality because urine collection was considered cumbersome. 
Furthermore, it was questioned whether elevated urinary albumin excretion (UAE) is a risk 
factor independent of the other variables defining the metabolic syndrome. 
Elevated urinary albumin excretion is indeed associated with various components of 
the MetS.1 .7,s Elevated albuminuria has furthermore been identified as a predictor of T2DM, 
CVD, as well as CKD.9 13 Similarly, high-sensitive CRP (hs-CRP) has also been linked to the 
metabolic syndrome defining factors14 1 8 and is now acknowledged as a risk marker for 
new-onset CVD.11•18•19 Albuminuria and hs-CRP are increasingly recognized as manifestations 
of systemic endothelial dysfunction and low grade chronic vascular inflammation, 
respectively. The metabolic, cardiovascular and renal risks associated with albuminuria 
and hs-CRP may be independent of the traditional cardiovascular and metabolic risk 
factors, embedded in the IDF definition of the metabolic syndrome.1 3•1 4  
In 2006, a consensus group of the International Diabetes Federation issued an  
updated definition of the metabolic syndrome and also recommended further research 
into additional criteria that should be part of the definition of the metabolic syndrome to 
improve its strength and validity in predicting outcomes.20 The new recommended 
research areas included, among others, the potential role of elevated urinary albumin 
excretion and high hs-CRP.20 We therefore investigated in a prospective observational 
cohort study the added value of elevated urinary albumin excretion and/or high hs-CRP 
in predicting new-onset T2DM, CVD and CKD in addition to the present metabolic 
syndrome defining variables. 
Methods 
This study was performed in subjects participating in the PREVEND Study (acronym for 
Prevention of Renal and Vascular End-stage Disease), a prospective, population based 
cohort study in Groningen, the Netherlands. This study is designed to evaluate the 
predictive value of micro-albuminuria for renal a nd cardiovascular outcome. Details of the 
study have been reported previously 21 •22. In brief, the subjects of the PREVEND study have 
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been selected in 1 997 from subjects of the general popu lation in Groningen, aged 28 to 
75 years: 40.856 subjects sent by mai l  a vial conta in ing a portion of spot morning u rine 
sample to a centra l laboratory and answered a brief q uestionnaire. Pregnancy and insu l in 
usage were exclusion criteria. Of these subjects, a l l  subjects with a u rinary a lbumin 
concentration (UAC) � 10  mg/L, and a random sam ple of  subjects with a UAC < 10  mg/L, 
were i nvited for fu rther screening. In total 8,592 subjects participated in the first screening 
(1 997 - 1 998), of which 6,000 subjects had a UAC >1 0 mg/L in the spot morning u rine 
sample, and 2,592 subjects a UAC< 10  mg/L, therefore resu lt ing in  a cohort enriched for 
increased levels of urinary a lbumin concentration. This screening consisted of two 
outpatient c l in ic  visits, at which base l ine measurements were performed as described in 
the fo l lowing paragraph. After a fol low-up period of a bout 4 years (2001 - 2003) and 2.5 
years (2003-2006), these subjects were invited for a second and third screening, which 
were completed by 6,894 and 5,862 subjects respectively. The PREVEND study is approved 
by the local ethics committee and conducted in l i ne with Hels inki declaration of research 
cond uct in humans.  All pa rtic ipants gave informed consent. 
Exposure measurements 
At a l l  screening rounds, subjects visited an outpatient c l in ic  twice with in a period of 6 
weeks, at which data regard ing risk factors and outcomes were col lected. Anthropometric 
measurements were performed ( includ ing weight, height and waist circumferences) and 
subjects com pleted a questionnaire on demographics, card iovascu lar and rena l  d isease 
h istory, smoking and use of med ications for hypertension, d iabetes and dys l ipidaemia .  
Information on d rug use was obta ined by the questionna i re data and l inked to information 
col lected from commu nity pharmacies. B lood pressu re measurements were performed 
every m inute du ring ten minutes with automatic Dinamap XL Model 9300 series device 
(Johnson-Johnson Medical, Tampa, FL). Systo l ic b lood pressure (SBP) and diasto l ic b lood 
pressure (DBP) were calcu lated as the mean of the last two b lood pressure measurements 
of the two visits. Fast ing b lood sam p les were taken for measurements of serum cholesterol, 
trig lycerides, hs-CRP and creatinine and plasma g lucose and insu l in  levels. I n  case subjects 
arrived at the c l in ic in a non-fasting condition, subjects were asked to return another day 
in a fasti ng condition to take fast ing b lood samples. However, this was not feasib le in a 
number of subjects, of whom non-fasti ng b lood samples were taken. Subjects were asked 
to col lect two 24-hour urines in the week before their second visit to the outpatient c l in ic. 
The subjects received oral and written i nstructions on how to col lect a 24-hour u rine and 
to postpone col l ection in event of fever, u rinary tract infection, menstruation or heavy 
exercise. Ur inary a l bumin excretion is g iven as the mean of the two 24-h u rine excretions. 
Elevated ur inary a lbumin excretion was defined as a ur inary a lbumin excretion of � 30 
mg/24hr. Glomerular fi ltration rate was estimated by the use of four-variab le Modification 
of Diet in  Rena l  Disease (MORD) formu la .23 
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Laboratory methods 
The biochemical measurement of plasma glucose, serum creatinine and lipid profile was 
performed using standard methods with the use of Kodak Ektachem dry chemistry 
(Eastman Kodak, Rochester, New York, USA) and a commercially available assay for 
high-density lipoprotein (HDL) cholesterol (Abbott Inc, Abbott Park, Illinois, USA). Plasma 
insulin was determined on an Axsym analyser (Abbott, Amstelveen, the Netherlands), and 
hs-CRP by immunonephelometry (BN II, Dade Behring Diagnostic, Marburg, Germany). 
Urinary albumin concentration was determined by immunonephelometry with a 
threshold of 2.3 mg/L and intra-assay and inter-assay coefficients of variation of 2.2% and 
2.6%, respectively (BN™ I I  Dade Behring Diagnostic, Marburg, Germany). 
Definitions 
The metabolic syndrome was defined according to the International Diabetes Federation 
consensus group 2004 criteria, which were updated in 2006.20 In these criteria, central 
(abdominal) obesity was defined as a waist circumference of 2:: 94 cm in men, and 2:: 80 
cm in women or body mass index >30 kg/m2, and is essential plus any two of the following 
to define the metabolic syndrome: serum triglycerides >1.7 mmol/L or treatment for this 
lipid abnormality; HDL- cholesterol < 1.03 mmol/L in men, <1.29 mmol/L in women or 
treatment for this lipid abnormality; blood pressure 2:: 130/85 mm Hg or treatment for 
hypertension; fasting plasma glucose 2::5.6 mmol/L or previously diagnosed type 2 
diabetes. Elevated urinary albumin excretion or in short 'elevated albuminuria' was defined 
as a urinary albumin excretion 2::30 mg/24hr and high hs-CRP as a hs-CRP 2::3 mg/L, in 
accordance with prevailing guidelines.20•24 
Outcomes 
Three outcome measures were investigated in this study, new-onset T2DM, CVD and CKD. 
New-onset T2DM was defined according to the American Diabetes Association criteria as 
a fasting plasma glucose level of 2:: 7mmol/L or a 2-hr post-prandial glucose level of >11.1 
mmol/L at the second or third screening round, or the start of oral antidiabetic drugs 
during follow up.25 New-onset CVD was defined as the occurrence during follow up of an 
acute myocardial infarction ( ICD code 410), acute and subacute ischaemic heart disease 
(411), subarachnoid and intracerebral hemorrhages (430), occlusions of the precerebral 
(433) or intracerebral arteries (434), coronary artery bypass graft or percutaneous 
transluminal angioplasty and other vascular interventions as bypass grafting of the aorta 
or peripheral vessels. During follow-up information on CVD morbidity and mortality was 
obtained until December 31st 2005. Mortality data were obtained from the Dutch Central 
Bureau of Statistics, a registry for all deaths in the Netherlands. Data on morbidity were 
obtained from PRISMANT, a registry that collects in The Netherlands information on hos­
pitalization discharge diagnoses on the basis of the ICD 10 coding.26 Survival time was 
defined as the period from the date of urine collection of each participant to the date of 
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the first CVD event or December 3P1 2005. People who moved to an unknown destination 
were lost to follow-up and were censored from that time on. New-onset CKD was defined 
as an estimated glomerular filtration rate (eGFR) of <60 ml/min/1 .73m2 at the second or 
third screening round 23. 
Statistical Analyses 
All analyses were performed with the statistical package SPSS 16.0 (SPSS, Chicago, IL, USA). 
Baseline characteristics were calculated for subjects without and with the metabolic 
syndrome separately (table 1). Continuous data are reported as mean and standard 
deviation, or median and interquartile range in case of skewed distribution . Categorical 
data are described as proportions or percentages. Differences between groups were 
tested by an independent t-test or by a Mann-Whitney test in case of skewed distribution. 
Differences in proportions between groups were tested with a chi-square test. The level 
of significance was determined at a P value < 0.05, two-tailed. 
The cumulative incidence of T2DM, CVD and CKD was calculated. Data are given in 
figures 1-3. Logistic regression models were used to estimate relative risks for new-onset 
T2DM and CKD, and a Cox regression analysis to estimate the hazard rate for new-onset 
CVD. These relative risks and hazard rates were adjusted for age and sex (tables 2-4). 
Furthermore, analyses were performed with multivariate models predicting new-onset 
T2DM, CKD and CVD, where, besides age, sex al l  constituting factors of the metabolic 
syndrome were entered as continuous variables (table 5). For new-onset CKD, also baseline 
eGFR was added to the model. In case of skewed distribution data were transformed to 
their natural logarithm to meet the prerequisites for multivariate regression analysis. 
To investigate the robustness of our findings, sensitivity analyses were performed to 
correct for the enrichment of our cohort with subjects with higher levels of albuminuria 
that was introduced by the study design. This was done by repeating the analyses using 
complex sample analysis. Complex sample analysis is a statistical method which 'corrects 
for the fact that the study population was not randomly selected (enrichment per design 
for subjects with a UAC>10 mg/L). Complex sample analysis adds weights to the subjects 
in such a manner that the results of analyses are generalizable to the general population 
(aged 28-75 years). 
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Results 
Baseline characteristics 
Baseline characteristics of the study subjects are shown in table 1 separately for those 
subjects with and without the metabolic syndrome. The subjects with the metabolic 
syndrome were on average older and more frequently males. As expected they had 
higher baseline waist circumference, SBP, DBP, triglycerides and glucose levels, but lower 
HDL cholesterol and eGFR. Use of blood pressure, lipid and glucose lowering therapy was 
also more frequent in the subjects with the metabolic syndrome. Baseline albuminuria 
and hs-CRP were significantly higher in subjects with the metabolic syndrome. 
New-onset type 2 diabetes mellitus (T2DM) 
For the analysis on new-onset T2DM , data were used of the subjects who had completed 
at least one follow-up visit after the first screening round (n=6,920). 6216 subjects had 
fasting blood glucose levels measured at one or more follow-up visits, 704 subjects had 
data on non-fasting plasma glucose levels at follow-up and 71 subjects were excluded 
because data on glucose levels were lacking at baseline or during follow-up. 223 subjects 
who met the definition of diabetes at baseline were excluded, leaving 6,626 subjects for 
this evaluation. Of these subjects 348 (5.3%) developed T2DM over a mean follow up 
period of 6.5 years. Figure 1 shows that the incidence of T2DM was only 2.5% in subjects 
without the metabolic syndrome, whereas it was 15.5% in subjects with the metabolic 
syndrome at baseline (p<0.001). Stratifying the subjects with the metabolic syndrome 
according to normo- and elevated UAE, shows a significantly higher incidence of T2DM in 
subjects with the metabolic syndrome and elevated UAE (20.5%) as compared to subjects 
with the metabolic syndrome but with normal UAE(l3 .9%) (p=0.004). Stratification of 
subjects with the metabolic syndrome based on hs-CRP status shows a non-significant 
higher incidence of T2DM in subjects with the metabolic syndrome and high hs-CRP 
(17.4%) as compared to subjects with the metabolic syndrome and low hs-CRP (14.1%) 
(p=0.10). Table 2 shows age and sex-adjusted relative risks for new-onset T2DM. It shows 
that in subjects with central obesity an increasing number of additional components 
defining the metabolic syndrome is associated with a stepwise increased risk. This risk for 
new-onset T2DM is further increased if elevated UAE or high hs-CRP is present (Table 2). 
New-onset cardiovascular disease (CVD) 
For the analysis on new-onset CVD, data were used of the subjects who completed the 
first screening round (n=8,592). Subjects with CVD history at baseline were excluded 
(n=451 ) ,  leaving 8141  subjects for this evaluation. Of these subjects 444 (5.5%) developed 
a CVD event over a mean follow up period of 7.1 years. Figure 2 shows that the incidence 
of CVD was only 4.1% in subjects without the metabolic syndrome, whereas it was 10.3% 
in subjects with the metabolic syndrome at baseline (p<0.001). Stratifying subjects with 
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Table 1 Basel ine characteristics of the study population 
Metabolic Syndrome 
No Yes 
N (%) 6534 (76) 2058 (24) 
Age (years) 47.0 (12.3) 56.1 (11.5) 
Caucasian, No. (%) 6222 (95.2) 1990 (96.7) 
Male, No. (%) 301 1  (46.1) 1280 (62.2) 
Smoking, No. (%) 2529 (38.8) 720 (35.1) 
BMI (kg/m2) 24.9 (3.5) 30.0 (4.0) 
Plasma insulin (mU/L) 8.4 (6.5) 15.8 (11.3) 
eGFR (ml/min*l .73m2) 81.8 (14.4) 77.7 (15.0) 
Waist circumference (cm) 84.3 (11.0) 1 02.0 (8.9) 
WC'?.94 (M) or "?.80 cm (F) No. (%) 2469 (37.8) 2053 (98.8) 
SBP (mmHg) 124.7 (18.5) 143.0 (19.7) 
DBP (mmHg) 72.3 (9.2) 79.6 (9.3) 
BP'?.130/85 mmHg No. (%) 2126 (32.6) 1 595 (77.5) 
Use of BP lowering drugs, No. (%) 609 (9.4) 745 (36.3) 
sTriglycerides (mmol/L) 1.03 (0.78-1 .38) 1.9 (1.4-2.6) 
sTriglycerides > 1.7 mmol/L, No. (%) 779 (12.3) 1279 (62.5) 
sHDL (mmol/L) 1.41 (0.39) 1.04 (0.27) 
sHDL < 1 .03 (M), < 1 .29 mmol/L (F), No. (%) 1 537 (24.3) 1484 (72.6) 
Use of lipid lowering drugs, No. (%) 236 (3.6) 321 (15.6) 
Plasma glucose (mmol/L) 4.7 (0.8) 5.6 ( 1 .8) 
Fasting glucose>7.0 mmol/L, No. (%) 53 (0.8) 189 (9.3) 
Use of glucose lowering medication, No. (%) 37 (0.6) 1 1 9 (5.8) 
hs-CRP (mg/L) 1.0 (0.5-2.5) 2.6 (1.3-4.8) 
hs-CRP'?.3 mg/L, No. (%) 1 28 1  ( 1 9.6) 906 (44.0) 
UAE (mg/24hr) 8.5 (6.0-14.4) 14.8 (8.3-34.9) 
UAE'?.30 mg/24hr, No. (%) 699 (10.7) 589 (28.6) 
Continuous values are given as mean (SD) or median (interquarti le range) in case of skewed data distribution. 
Abbreviations: BMI, Body Mass Index; WC, waist circumference; SBP, Systolic blood pressure; DBP, Diastolic 
blood pressure; BP, blood pressure; HDL, high density l ipoprotein; eGFR, estimated g lomerular filtration rate; 
UAE, Urinary Albumin Excretion; hs-CRP, highly-sensitive (-reactive protein; serum; p, plasma. 
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Figure 1 Incidence of type 2 diabetes mellitus during 4.2 years of follow-up in 
N= 
the study population without the metabolic syndrome, in those with 
the metabolic syndrome, and in those with the metabolic syndrome 
subdivided according to absence/presence of micro-albuminuria 
(albuminuria �30 mg/24hr), or absence/presence of high hs-CRP (� 3 mg/L) 
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High hs-CRP absent present 
the metabolic syndrome with respect to UAE status shows a significantly higher incidence 
of CVD in the subjects with the metabolic syndrome and elevated UAE (15.6%) as 
compared to the subjects with the metabolic syndrome but with normale UAE (8.3%) 
(p<0.001). Stratification of subjects with the metabolic syndrome based on hs-CRP status 
shows a non-significant higher incidence of CVD in subjects with the metabolic syndrome 
and high hs-CRP (11.7%) as compared to subjects with the metabolic syndrome and low 
CRP (9.3%) (p=0.09). Table 3 shows age and sex adjusted hazard rates for new-onset CVD. 
It shows that in subjects with central obesity an increasing number of additional 
components defining the metabolic syndrome is associated with a stepwise increased 
risk, with a steep increase in risk beyond three additional risk factors. The risk for new-onset 
CVD is increased if elevated UAE or high hs-CRP is present (Table 3). 
1 2 1  
Chapter 5 
Table 2 Relative risks with 95% confidence interval for new-onset type 2 diabetes 
mellitus, adjusted for age and sex 
No central Central obesity plus other criteria 
obesity of the Metabolic Syndrome 
0 2 :2:3 
Overall population 
N 4035 341 854 734 662 
RR 1.0 (0.5-2.1) 1 .6 (1.1-2.4) 4.0 (2.8-5.5) 9.0 (6.7-12.1) 
Subgroups 
- UAE N 315 708 585 484 
<30 g/24hr RR 0.8 (0.4-1.9) 1.4 (0.9-2.1) 3.7 (2.6-5.3) 8.5 (6.2-11.8) 
- UAE N 26 146 149 178 
�30 g/24hr RR 3.5 (0.8-15. 1 )  2.7 (1.4-5.2) 5.3 (3.2-9.0) 11.0 (7.2-16.7) 
- hs-CRP N 266 592 434 387 
<3 mg/L RR 0.8 (0.3-1 .9) 1.3 (0.8-2.1) 2.9 (1.9-4.5) 9.0 (6.4-12.6) 
- hs-CRP N 75 262 300 275 
2=:3 mg/L RR 1 .9 (0.6-6.2) 2.3 (1.3-4.0) 5.5 (3.7-8.2) 8.9 (6.1-12.9) 
Abbreviations: N, number; RR, relative risk. 
New-onset chronic kidney disease (CKD) 
For the analysis on new-onset CKD, data were used of the subjects who completed the 
first and at least one of the follow-up screening rounds (n=6920). Subjects with known 
renal disease (n=47) or who at baseline met the definition criteria for CKD (n=351), had 
urinary sediment abnormalities (n=309) or had missing data on eGFR at the first or at both 
follow-up screening rounds (n=54) were excluded, leaving 6159 subjects for th is evaluation. 
Of these subjects 429 (7.0%) developed CKD over a mean follow up period of 6.5 years. 
Figure 3 shows that the incidence of CKD was 5.8% in subjects without the metabolic 
syndrome, whereas it was 11.2% in subjects with the metabolic syndrome at baseline 
(p<0.001). Stratifying subjects with the metabolic syndrome with respect to UAE status 
shows a significantly higher incidence of CKD in the subjects with the metabolic syndrome 
and elevated UAE (17.2% as compared to subjects with the metabolic syndrome but with 
normoalbuminuria (9.3%) (p<0.001). Stratification of subjects with the metabolic syndrome 
based on hs-CRP status shows a significantly higher incidence of CKD in subjects with the 
1 22 
Albuminuria and hs-CRP predict outcome in metabolic syndrome 
Figure 2 Incidence of cardiovascular disease during 7.1 years of follow-up in the study 
population without the metabolic syndrome, in those with the metabolic 
syndrome, and in those with the metabolic syndrome subdivided according 
to absence/presence of micro-albuminuria (albuminuria 2:30 mg/24hr), or 
absence/presence of high hs-CRP (2: 3 mg/L) 
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metabolic syndrome and high hs-CRP (14.3%) as compared to subjects with the metabolic 
syndrome and low hs-CRP (8.9%) (p=0.002). Table 4 shows age and sex-adjusted relative 
risks for new-onset CKD. There is a step-wise increase in risk of CKD with an increasing 
number of metabolic syndrome criteria that are met, with a major increment in risk at 
three additional risk factors or more. It shows that in subjects with central obesity presence 
of elevated UAE increases the risk for CKD, whatever the number of other metabolic 
syndrome defining criteria that is present. The presence of high hs-CRP is also associated 
with an increased risk for CKD, however, this association seems a little less strong than the 
association between UAE and CKD de novo (Table 4). 
Multivariate analyses 
Multivariate analyses for the various outcomes with the metabolic syndrome constituting 
factors entered as continuous variables are shown in Table 5. This table shows that with 
respect to new-onset T2DM waist circumference, triglycerides, HDL and serum glucose 
remained as significant predictors (model 1). When albuminuria was added to this model, 
it significantly predicted the development of new-onset diabetes. hs-CRP was not found 
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Table 3 Hazard rates with 95% confidence interval for new-onset cardiovascular 
disease, adjusted for age and sex 
No central Central obesity plus 
obesity other criteria of the Metabolic Syndrome 
0 2 �3 
Overall population 
N 4873 421 1031 897 919 
HR 0.4 (0.2-0.9) 1 .1 (0.8-1 .4) 1 .1 (0.8-1.4) 1 .8 (1.4-2.2) 
Subgroups 
- UAE N 382 851 707 623 
<30 mg/24hr  HR 0.4 (0.2-0.9) 1 .0 (0.7-1.3) 1 .0 (0.8-1 .4) 1 .5 (1 .1-2.0) 
- UAE N 39 180 190 296 
�30 mg/24hr  HR 1 .0 (0.3-4.1) 1 .5 (1 .0-2.2) 1 .2 (0.8-1.9) 2.2 (1 .6-3.1) 
- h s-CRP N 314 697 526 501 
<3 mg/L HR 0 .1  (0.0-0.6) 0.9 (0.7-1.3) 1 .0 (0.7-1 .4) 1 .5 (1 .1-2.0) 
- hs-CRP N 107 334 371 418 
�3 mg/L HR 1 .6 (0.7-3.6) 1 .4 ( 1 .0-2.1 ) 1 .2 (0.8-1 .7) 2.1 (1.6-2.9) 
Abbreviations: N, number; RR, relative risk. 
to be a significant predictor (model 1+CRP). Albuminuria remained significantly associated 
with the risk of new-onset T2DM even after adjustment for hs-CRP in the model (model 1+ 
UAE + CRP). For new-onset CVD it appeared that both albuminuria and hs-CRP were 
significant predictors, even when entered simultaneously into the model. For new-onset 
CKD again albuminuria was a highly significant predictor, as was CRP. When albuminuria 
and CRP were entered in the same model, both remained significantly associated with 
new-onset CKD. Of note, univariately, all the components of the metabolic syndrome 
were significantly associated with the risk of development of new-onset T2DM, CVD as 
well as CKD (data not shown). 
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Figure 3 Incidence of chronic kidney disease during 4.2 years of follow-up in the study 
population without the metabolic syndrome, in those with the metabolic 
syndrome, and in those with the metabolic syndrome subdivided according 
to absence/presence of micro-albuminuria (albuminuria 2".30 mg/24hr), or 
absence/presence of high hs-CRP (2". 3 mg/L) 
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To address the question whether elevated UAE is already associated with adverse 
outcomes in the microalbuminuric range (UAE 30 - 300mg/24hr), analyses were repeated 
after exclusion of proteinuric subjects, being subjects with UAE>300mg/24hr. Results of 
these analyses were similar to the above mentioned results, with only minor changes in 
risk estimates. 
Furthermore, the multivariate models (Table 5) were repeated using u rine albumin/ 
creatinine ratio (ACR, mg/mmol) measured in a spot morning urine sample, instead of the 
average urinary albumin excretion of two 24-hr urine collections. These data were 
available for 6937 subjects of the original PREVEND population (n=8592). It appeared that 
for CVD and CKD results of UAC were similar when compared to the use of UAE, and for 
the endpoint diabetes de novo ACR was borderline significant in the full adjusted model 
(odds ratio (OR)=1.14 per In ACR, p=0.07). 
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Table 4 Relative risks with 95% confidence interval for new-onset chronic kidney 
disease, adjusted for age, sex and baseline eGFR 
No central Central obesity plus other criteria of the Metabolic 
obesity Syndrome 
0 2 :::?:3 
Overal l  population 
N 3752 312 754 667 674 
RR 0.8 (0.5-1.4) 0.9 (0.6-1.3) 1 .1 (0.8-1.5) 1.6 (1.1-2.2) 
Subgroups 
- UAE N 291 634 549 478 
<30 mg/24hr RR 0.8 (0.5-1 .4) 0.8 (0.5-1 . 1 ) 0.9 (0.6-1.3) 1 .4 (0.9-2.0) 
UAE N 21 1 20 118 196 
�30 mg/24hr RR 0.6 (0.1-5.3) 1.6 (0.9-3.0) 2.2 (1.2-4. 1 )  2.2 (1.4-3.7) 
- hs-CRP N 245 525 396 379 
<3 mg/L RR 0.9 (0.5-1.5) 0.8 (0.5-1.2) 0.8 (0.5-1.2) 1 .3 (0.8-1.9) 
- hs-CRP N 67 229 271 295 
�3 mg/L RR 0.6 (0.2-2.2) 1.1 (0.7-2.0) 1.7 (1.0-2.7) 1.9 (1.3-2.9) 
Abbreviations: N, number; RR, relative risk. 
Lastly, to test whether the results of the present study apply to the general population 
and have not been biased by our study design (enrichment of the study population for 
increased levels of urine albumin concentration), complex sample analysis was performed. 
This rendered results that were essentially similar to our primary analyses. 
1 26 
Table 5 Multivariate regression analysis for risk of new-onset type 2 diabetes mellitus, cardiovascular disease and chronic kidney diseasea 
Diabetes Mellitus type 2 
Model 1 Model 1 + UAE Model 1 + CRP Model 1 + UAE and CRP 
RR (95% CI} p-value RR (95% CI) p-value RR (95% CI) p-value RR (95% CI) p-value 
Waist ci rcumference 1 .03 ( 1 .0 1 - 1  .04) <0.00 1 1 .02 ( 1 .0 1 - 1 .04) <0.001 1 .02 ( 1 .0 1 - 1 .04) <0.00 1 1 .02 ( 1 .00- 1 .03) <0.001 
MAP 1 .00 ( 1 .00- 1 .02) 1 .00 (0.99- 1 .02) 1 .00 ( 1 .00- 1 .02) 1 .00 (0.99- 1 .02) 
:!:: 
0.25 0.64 0.28 0.66 C"' 
C: 
Ln(Triglycerides) 1 .57 ( 1 . 1 9-2.07) 0.001 1 .55 ( 1 . 1 7-2.04) 0.002 1 .57  ( 1 . 1 9-2.07) 0.001 1 .55 ( 1 .04-2.00) 0.002 3 
::, 
HDL 0.43 (0.26-0.7 1 )  0.001 0.45 (0.27-0.73) 0.00 1 0.45 (0.27-0.73) 0.001 0.46 (0. 1 9-0.65) 0.002 
C: ... 
ci. 
Glucose 6.74 (5.5 1 -8.24) <0.001 6.72 (5.49-8.2 1 )  <0.001 6.68 (5.46-8.1 7) <0.00 1 6.67 (7.04-1 1 .98) <0.00 1 QI ::, 
a. 
Ln(UAE) 1 .20 ( 1 .06- 1 .36) 0.005 1 . 1 9  ( 1 .07- 1 .45) 0.008 :,-
u, 
Ln(CRP) 1 .09 (0.96-1 .23) 0.20 1 .06 (0.94-1 .26) 0.34 A :::0 - -- � ""C 
Cardiovascular disease "O 
� 
Model 1 Model 1 + UAE Model 1 + CRP Model 1 + UAE and CRP � a. 
�· 
HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value HR (95% Cl) p-value 0 
C: 
Waist c ircumference 1 .00 (0.99- 1 .01 ) 0.77 1 .00 (0.99-1 .0 1 )  1 .00 (0.99-1 .00) 1 .00 (0.99-1 .00) 0.98 0.38 0.27 n 0 
MAP 1 .03 ( 1 .02- 1 .04) <0.00 1 1 .02 ( 1 .02-1 .03) <0.001 1 .03 ( 1 .02- 1 .03) <0.00 1 1 .02 ( 1 .0 1 - 1 .03) <0.00 1 3 tD 
Ln(Triglycerides) 1 .24 ( 1 .00- 1 .55) 0.05 1 .23 (0.99-1 .52) 0.07 1 .25 ( 1 .00- 1 .56) 0.05 1 .24 (0.99- 1 .54) 0.06 
5 
3 
HDL 0.59 (0.4 1 - 0.84) 0.003 0.59 (0.42-0.84) 0.003 0.69 (0.49-0.98) 0.04 0.69 (0.49-0.98) 0.04 � QI 
C"' 
Glucose 1 .0 1  (0.95-1 .08) 0.70 1 .00 (0.94- 1 .06) 0.88 1 .00 (0.94-1 .06) 0.96 0.99 (0.93-1 .05) 0.65 0 
;:;· 
Ln(UAE) 1 . 1 4  ( 1 .05- 1 .24) 0.002 1 . 1 2  ( 1 .03-1 .22) 0.008 VI '< 
::, 





CX) Table 5 Continued 
Chronic kidney disease 1.11 
Model 1 Model 1 + UAE Model 1 + CRP Model 1 + UAE and CRP 
RR (95% CI) p-value RR (95% CI) p-value RR (95% Cl) p-value RR (95% CI) p-value 
Waist ci rcumference 1 .00 (0.98- 1 .0 1 )  0.40 0.99 (0.98- 1 .00) 0.25 0.99 (0.98- 1 .00) 0.06 0.99 (0.98- 1 .00) 0.04 
MAP 1 .02 (1 .0 1 - 1 .03) <0.001 1 .02 ( 1 .00-1 .03) 0.002 1 .02 ( 1 .0 1 - 1 .03) <0.00 1 1 .02 (1 .00- 1 .03) 0.004 
Ln(Triglycerides) 0.99 (0.75- 1 .3 1 )  0.96 0.97 (0.74- 1 .29) 0.85 0.97 (0.74- 1 .29) 0.84 0.96 (0.72- 1 .27) 0.75 
HDL 0.94 (0.65-1 .37) 0.75 0.92 (0.63- 1 .34) 0.67 1 .02 (0.70- 1 .49) 0.92 0.99 (0.68- 1 .45) 0.97 
Glucose 1 . 1 8  ( 1 .08- 1 .28) <0.001 1 . 1 4  ( 1 .05-1 .24) 0.003 1 . 1 6  ( 1 .07-1 .26) <0.001 1 . 1 3  ( 1 .04- 1 .23) 0.006 
Ln(UAE) 1 .38 (1 .22- 1 .57) <0.001 1 .36 ( 1 .20- 1 .54) <0.00 1 
Ln(CRP) 1 .28 ( 1 . 1 4- 1 .44) <0.001 1 .25 ( 1 . 1 1 - 1 .4 1 )  <0.001 
• All models are also adjusted for age, gender, and. for new-onset CKD, also for baseline eGFR. Abbreviations: MAP, mean arterial pressure; RR, relative risk; HR, hazard ratio 
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Discussion 
The present study examined the impact of adding urinary albumin excretion and hs-CRP 
to the criteria of the metabolic syndrome as defined by the International Diabetes 
Federation in 2004.20 We showed that elevated UAE can make a clear distinction between 
subjects with the metabolic syndrome at higher and lower risk for new-onset T2DM, CVD 
and CKD, which is already present in the microalbuminuric range. Importantly, in contrast 
to the variables that are currently used to define the metabolic syndrome, albuminuria is 
the only variable that is significantly associated with all three outcomes. In contrast, hs-CRP 
was found to be significantly associated with new-onset CVD and CKD, but not with 
new-onset T2DM in our multivariate analyses. 
The inclusion of albuminuria as part of the metabolic syndrome, as done in this study, 
has been controversial. Initially, microalbuminuria was considered a component of the 
syndrome,1 .4 but later it was decided to drop microalbuminuria as a defining criterion. This 
was done because of reasons of practicality (collecting urine samples was thought to be 
cumbersome and less feasible) and because some authors questioned whether 
albuminuria is an independent risk factor by itself. It was argued that albuminuria is merely 
an integrated risk marker, reflecting the vascular damage induced by overweight, high 
blood pressure, cholesterol and glucose, risk factors already embedded in the definition of 
the metabolic syndrome. To date, it is still undecided whether the addition of albuminuria 
and hs-CRP will improve usefulness and predictive value of the metabolic syndrome.20•27 It 
has been shown in studies linking the syndrome with high CVD risk that even after 
adjustment for the other traditional risk factors excess risk remained.13•20 This suggests that 
the addition of other criteria, e.g. albuminuria and high hs-CRP, to the current definition of 
the syndrome may improve its applicability and predictive ability. 
Several studies have shown that the metabolic syndrome predicts future diabetes.20•28•29 
In our study, the risk was indeed higher in subjects with the metabolic syndrome than in 
those without, and it is also clear that the highest risk was seen in those subjects with the 
metabolic syndrome and elevated UAE, as well as in those with the metabolic syndrome 
and elevated levels of hs-CRP. Although microalbuminuria is often regarded as being 
merely a complication ofT 2DM, some studies recently suggested that it also can precede 
it.1 0-1 1  In line, it was found in the present study that elevated 24-hr urinary albumin excretion 
predicted the development of T2DM. In addition we found that this predictive value of 
albuminuria was independent of age, sex and the traditional components of the metabolic 
syndrome. In contrast, although in our study high hs-CRP univariately indicated a worse 
prognosis with respect to new-onset T 2DM, we found that the level of hs-CRP was not 
statistically significant associated with this outcome in a multivariate model. 
A number of epidemiological studies have shown that both albuminuria and high 
hs-CRP are a strong and independent risk factors for CVD in patients with hypertension, 
diabetes as well as in the general population.30 36The increase in risk conferred by presence 
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of elevated albuminuria exceeds in some studies that conferred by hypertension or hyper­
lipidaemia. Data from the DECODE study for instance showed that microalbuminuria was 
the strongest risk factor for CVD death when compared to obesity, hypertension and 
dys l ipidemia.37 In the present study, mean arterial blood pressure (MAP), UAE and CRP are 
the most significant risk factors in the multivariate model predicting CV outcome, as 
shown in table 5. When using standardized variables in a multivariate model, the odds 
ratio of CRP per standard deviation is highest (OR=l .39 per sd) and comparable to that 
of MAP. 
Recent studies have linked the metabolic syndrome with the risk of development of 
CKD.3•38 We extended these findings by showing a graded and significant increase in the 
risk of CKD with an increasing number of cri teria that define the metabolic syndrome 
being positive. Furthermore, we found that for each number of criteria being positive, the 
presence of elevated UAE was associated with a higher risk for CKD, and that albuminuria 
was independently associated with the incidence of new-onset CKD. The same holds true 
for hs-CRP. 
What may be the consequences of our findings? This study provides further arguments 
to add UAE, and possibly high hs-CRP, as criteria to the present definition of the metabolic 
syndrome, since -albuminuria and high hs-CRP independently predicted various outcomes 
that are associated with the metabolic syndrome (new-onset T2DM , CVD and CKD). Given 
the high prevalence of patients with the metabolic syndrome in the population, and its 
devastating consequences , we need to be more effective in identifying individuals at risk 
for T2DM , CVD and CKD in whom preventive measures should be started. Urinary albumin 
is a cheap, non-invasive, and easily assessable risk marker that measurement does not 
even require a visit to a physician or health centre. For instance, in the PREVEND study a 
vial containing a sample of a spot morning void urine was collected at home and sent by 
post to a central laboratory. In a sensitivity analysis it was shown that urine albumin/ 
creatinine ratio measured in a spot urine void is as strongly associated with the outcome 
of CVD and CKD de novo as is 24-hr UAE, and for diabetes mellitus de novo nearly as 
strong. 
Similarly, compared to several other biomarkers that reflect biological aspects of 
inflam mation and insulin resistance, hs-CRP measurement is inexpensive to measure, well­
standardized, widely available, and has a reasonably low intra-subject variation coefficient, 
similar to that of cholesterol.39 Given the consistency of prognostic data for UAE and 
hs-CRP, and the practicality of the use of these biomarkers in outpatient clinical settings, 
we believe the time has come for a careful consideration of adding these variables as new 
criteria to define the metabolic syndrome. However, given our data it seems more 
promising to add albuminuria than high hs-CRP. 
As stated a consensus group of the International Diabetes Federation issued in 2006 
an updated definition of the metabolic syndrome and also recommended further research 
into additional criteria for the definition of the metabolic syndrome to improve its strength 
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and validity in predicting outcomes.20 We chose to study the value of adding albuminuria 
and CRP, because these were mentioned as recommended research areas. Our table 1 
suggests that also other patient characteristics may have value as defining criterion. Of 
note, more recently a report was issued by a WHO expert consultation40 that questioned 
among others the relevance of the metabolic syndrome as a diagnostic and prognostic 
tool, and whether the predictive value of the metabolic syndrome is more than the 
predictive value of the sum of the individual components defining the metabolic 
syndrome. In that respect it is interesting that, as illustrated in table 2-4, the main 
component of the IDF definition, being central obesity, is not associated with increased 
risk of the adverse outcomes on its own. However, when other components of the 
metabolic syndrome are added, obesity becomes a significant risk factor for at least two 
adverse outcomes, being diabetes mellitus de nova and CKD (Table 5). Therefore, it seems 
that although obesity is a central component of the metabolic syndrome, it is not just a 
risk factor on its own, but does contribute to increased risk of adverse outcomes when it 
is a part of the metabolic syndrome. 
This study has several strengths. Firstly, our study comprises a large cohort of 
community dwelling participants, with extensive information on risk factors, medication 
use and various outcome measures. These data were collected prospectively, thereby 
minimizing selection and/or recall bias. To our knowledge no study has yet investigated 
the added predictive value of micro-albuminuria as well as high hs-CRP in one study, nor 
taken into account all three outcome measures that have been associated with the 
metabolic syndrome. Secondly, we measured albuminuria using 24-hour urine collections, 
which is considered the gold standard for assessing albuminuria. A limitation is that our 
study population consists predominantly of Caucasians. Whether our results hold true for 
other populations needs therefore additional study. 
In conclusion, this population-based study adds to literature by investigating the 
impact of adding urinary albumin excretion and high hs-CRP to the current definition of 
the metabolic syndrome in predicting diabetes mellitus type 2 de nova, chronic kidney 
disease de nova and cardiovascular disease outcome. We showed that albuminuria can 
make a distinction between subjects with the metabolic syndrome at higher and lower 
risk for new-onset T2DM, CVD and CKD. In contrast to the variables that are currently used 
to define the metabolic syndrome, albuminuria is the only variable that was significantly 
associated with new-onsetT2DM, CVD, as well as CKD. Hs-CRP was found to be significantly 
associated with new-onset CVD and CKD, but not with new-onset T2DM. Taken together 
our data suggest that urinary albumin excretion should be added to the present criteria 
defining the metabolic syndrome. 
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Chapter 6 
Abstract 
This review discusses various screening approaches for chronic kidney disease that are 
used in Europe. The criterion for defining chronic kidney disease in the various programs 
differs but is frequently limited to estimated glomerular filtration rate, thus offering only 
data on chronic kidney disease stages 3 and higher; however, screening should not be 
limited to measuring only estimated glomerular filtration rate but should also include a 
measure of microalbuminuria, because this will offer identification of chronic kidney 
disease stages 1 and 2. Defining these earlier stages is of importance because the risk for 
developing end-stage renal disease that is associated with stages 1 and 2 is nearly equal 
to the risk that is associated with stage 3. Moreover, the risk for cardiovascular events in 
stages 1 and 2 is equal to that in stage 3. Various reports argue that costs of screening 
programs in general practitioner or outpatient offices are high and that they are 
cost-effective only for preventing end-stage renal disease when they are limited to target 
groups, such as patients with diabetes or hypertension and elderly. The benefits of 
screening programs, however, should not be evaluated only with respect to the prevention 
of renal events but should also include the benefits of preventing cardiovascular events. 
The use of preselection based on either an impaired estimated glomerular filtration rate 
or on protein-dipstick positivity or elevated albuminuria in a morning urine void has been 
found effective in various European countries as an alternative for targeted screening. 
1 36 
Screening for chron ic  k idney disease: where does Europe go? 
Introduction 
The number of patients who require renal replacement therapy is i ncreasing all around 
the globe.1 The rising need for dialysis and renal transplantation can only be dealt w ith at 
the expense of enormous costs. It is clear that resources to support this expansive growth 
are limited, both in developing and developed countries. Moreover, it has become evident 
that chronic kidney disease (CKD) is associated with an increased risk for cardiovascular 
disease (CVD) events. As a consequence, in the past decade, attention has moved from 
treating only advanced stages of CKD toward prevention in the earlier stages of CKD. 
Because only a minority of patients who are at risk for developing ESRD are under 
medical attention for their renal disease, most patients' disease is u ndiagnosed as yet. As 
a consequence, most individuals who are at risk for ESRD and the accompanying risk for 
CVD can receive a diagnosis only by active screen ing. After the call to action of the 
International Society of Nephrology,2 various in itiatives were undertaken to set up 
screen ing programs, followed by preventive measures in case of a diagnosis of CKD. 
Remuzzi and Ween ing2 drew attention to screen ing for the presence of albuminuria. They 
once more emphasized what was known already: One could by just looking at a patient's 
urine be informed on the general well-being of that patient (Figure 1 ). 
Figure 1 The uroscopist 
Painting by David Teniers (1610-1690) in the Royal Museum of Fine Art, Brussels, Belgium. Already long ago screening 
of urine could help the vil lage physician to monitor his patient. Although medical history has resulted in many 
new d iscoveries since then, in 2008 we still can learn much from screening of urine. 
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This review focuses on screening and prevention activities for CKD in Europe. We first 
describe some of the running screening programs and pay attention to the various 
approaches to set up such activities. On the basis of these European programs, we try to 
reach conclusions on how best to proceed with screening and prevention campaigns. 
CKD Screening programs in Europe 
Table 1 summarizes various screening programs that are running in Europe. The list is not 
intended to be a complete review of all studies, but it presents an overview of various 
Table 1 Screening and Prevention studies in Europe 
Country Year Name Criterion CKDb n Reference 
Belg ium 1 980 B IRNH eGFR<60 No 891 3 8 
France 1 99 1  l i e  de Fran ce SCr>200 Yes 2775 3 
Germany 1 984 MONICA eGFR<60 No 7534 1 9  
Iceland 1 967 RHS SCr> 1 50 No 1 8,9 1 2  4 
Iceland 1 967 RHS eGFR/dipstick No 1 9,256 1 2  
Italy 1 983 Gu bbio eGFR<60 No 4574 9 
Netherlands 1 997 PREVEN D-pre UAC> l 0  Yes 40,856 1 5  
Netherlands 1 997 PREVEND UAE/eGFR Yes 3432 1 6  
Netherlands 2006 N iercheck Dipstick positivity Yes 1 . 1 mi l l io n  1 3  
Northern I reland 200 1 Belfast SCr> 1 50 Yes 1 9,286 5 
Norway 1 995 HUNT eGFR<60 No 65,604 1 0  
Norway 1 995 H U NT eGFR/ACR No 65, 1 8 1 1 7  
Norway 1 994 Troms0 eGFR<60 No 38,241 1 1  
Poland 2005 POLNEF Dipstick positivity Yes 1 732 1 4  
Spa in  2004 EP IRCE eGFR/ACR Yes 237 1 8  
Un ited Kingdom 1 993 Southam pton SCr> l 50 Yes 405,000 6 
Un ited Kingdom 2000 Kent SCr> l 80 Yes 688, 1 93 7 
aACR, a lbumin-creatinine ratio; BIRNH, Belgian lnteruniversity Research on Nutrition and Health; CKD, chronic 
kidney disease; eGFR, estimated GFR as ca lculated from the Modification of Diet in Renal Disease (MORD) 
formula and expressed in m l/min  per 1 .73 m2; EPIRCE, Estudio Epidemiologico de la  lnsuficiencia Renal en 
Espan-a; HUNT, North Tr0ndelag Health Study; MONICA, Monitoring Trends and Determinants in Cardio-
vascular Diseases in Augsburg; PREVEND, Prevention of Renal and Vascular End-stage Disease study; 
PREVEND-pre, Prevention of Rena l  and Vascular End-stage Disease - prescreening; POLNEF, Polish Epidemic-
logical Pilot Study in Nephrology; RHS, Reykjavik Heart Study; SCr, serum creatin ine expressed in _ mol/L; 
UAC, urinary a lbumin concentration; UAE, 24-h urinary a lbumin excretion. bPrimary focus of the study was to 
detect CKD. 
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strategies used. The criterion for the diagnosis of CKD in these programs is different, 
however, and also seems to change from originally a serum creatinine value above a 
certain cutoff (mostly >150 µmol/L)3-7 via an estimated GFR (eGFR) <60 ml/min8-1 1  to a 
positive protein dipstick1 2-14 or even the presence of microalbuminuria.15-18 The approach in 
which only data on eGFR are gathered allows detection of Kidney Disease Outcomes 
Quality Initiative (K/ DOQI) stages 3, 4, and 5. Measurement of urinary albumin loss in 
addition to eGFR is needed to get information on stages 1 and 2. This more complete 
information has been gathered only in the Prevention of Renal and Vascular Endstage 
Disease (PREVEND)16, North Tr0ndelag Health Study (HUNT)17, and Estudio Epidemiol6gico 
de la lnsuficiencia Renal en Espana (EPIRCE) 18 studies. 
Part of the studies make use of existing screening programs, most of them initially 
intended to screen and treat cardiovascular risk factors.4• 8-1 2-19 In the past 10 yr, however, 
more and more programs were started with the primary focus to detect individuals who 
have or are at risk for CKD. These specific CKD screening programs used different 
approaches to select the screening population. 
Prevalence and Incidence of CKD 
The PREVEND16, EPIRCE18, and HUNT 17 studies offer information on the prevalence of the 
various stages of CKD in three different areas in Europe, although the EPIRCE study may 
present a less reliable refiection of the overall population because of its small sample size 
(Table 2). The data show that prevalence of the CKD stages is comparable in these studies, 
ranging from 5.1 to 7.0% for stages 1 and 2 combined, from 4.5 to 5.3% for stage 3, and 
much lower for stage 4, from 0.1 to 0.4%. These prevalences are nearly similar to the data 
obtained in the Third National Health and Nutrition Examination Survey (NHANES Ill) in 
the United States, which showed that 6.3% of the general population has stage 1 or 2 CKD, 
4.3% has stage 3, 0.2% has stage 4, and 0.2% has stage 5.20•21 This similarity in prevalence 
data for stages 1 through 3 is the more remarkable because inclusion criteria for age were 
different in the three studies, as were the serum creatinine assays and the approaches of 
measuring urinary albumin excretion. Standardization of serum creatinine assays has been 
given a lot of attention.22 Less uniformity has been obtained on the definition of abnormal 
a I bum in u ria. The impact of using standardized measures is demonstrated by the difference 
in the prevalence of CKD stages 1 and 2 in the Reykjavik Heart Study ( RHS)12, which used a 
dipstick test, and in the PREVEND16 and HUNT1 7 studies, which used more accurate 
measurements for microalbuminuria. The first found a prevalence of only 1.6%, whereas 
the latter reported a prevalence of 5.1 to 6.5%. 
Whereas the prevalence of the various stages of CKD in these studies is nearly 
comparable, the incidence of treated ESRD (CKD stage 5, requiring dialysis or transplanta­
tion) varies widely within the European countries23, as well as between European countries 
and the United States1 7  (Table 3). Many factors may explain these differences. In Eastern 
Europe, the lack of dialysis units and limited financial resources do not permit starting of 
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Table 2 Prevalence of the various stages of CKD in Europe 
Stage GFR Albuminuria Country/Study 
Netherlands/PREVEND Spa in/EPIRCE Norway/HUNT lceland/RHS 
(n==3,432) (n==234) (n==65, 1 81 )  (n==1 9,381 ) 
>90 Yes 1 .3 3.5 3.1 1 .6a 
2 60-90 Yes 3.8 3.5 3.4 
3 30-60 Yes/no 5.3 5.3 4.5 7.4 
4 15-30 Yes/no 0.1 0.4 0.2 0.2 
5 <15 Yes/no 0.1 
Total 10.6 12.5 11 .2 >9.2 
•The RHS study has data on dipstick positivity and does not discriminate between stages 1 and 2, whereas the 
other three stud ies use an  index of microalbuminuria for both stages 1 and 2 separately. 
Table 3 The prevalence and incidence of CKD stages 3 and 4 in the 
white participants of a US cohort (NHANES) (20), a Norwegian cohort 
(HU NT) (17) and a Dutch Cohort (PREVEN D) (16) 
Parameter 
Prevalence stages 3 and 4 
I ncidence ESRDb 
I ncidence as % of prevalence. 
Country/Study 










•The data of the HUNT and NHANES stud ies were derived from reference (14). The data from that study were 
stratified by age, gender, and diabetes status. The mean age of the HUNT patients was 50.2 yr and of the 
PREVEND patients was 48.7 yr. bData on incidence of ESRD have been derived from the respective national 
renal replacement registries. 
renal replacement therapies for all patients with ESRD; however, in countries such as 
Norway and the Netherlands, no such barriers exist. Furthermore, there are no major 
differences between these latter countries and the United States in timing of the start of 
dialysis or in mortality risk, which competes with the risk for start of renal replacement 
therapy. Hallan et a/.1 7 questioned whether the difference in number of treated incident 
patients with ESRD between Norway and the United States is due to a difference in the 
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prevalence of the earlier stages of CKD in those nations. They compared with that purpose 
the prevalence of patients with stages 3 and 4 CKD as published in the NHANES data20 and 
the HUNT study with the incidence of treated ESRD in the United States and Norway. The 
ratio of incident white patients with ESRD per prevalence of stages 3 and 4 is approximately 
two- to three-fold higher in the United States than in Norway. Data from the Netherlands 
show a pattern comparable to that in Norway (Table 3). Given these data, Hallan et a/.17 
suggested that the increased incidence of treated ESRD per CKD prevalence in the United 
States may result from a more rapid progression of early CKD to ESRD, rather than from a 
larger pool of individuals at risk. An even bigger difference in the ratio of incidence per 
prevalence was found in US black individuals and patients with diabetes. Finally, other 
factors may account for such differences, such as patient's personal choice, physician's 
decision, and other comorbidities that may influence acceptability for dialysis. 
These comparisons are based on the relation between two databases (CKD 
prevalence estimates versus ESRD registries), which does not teach us how frequently 
patients in the various CKD stages progress to ESRD. We therefore evaluated the number 
of new dialysis patients in the PREVEND study according to their original CKD stage, 
looking at follow-up of individual patients and taking into account all five stages of CKD 
(unpublished data). In a follow-up period of 7 yr, 13 patients reached ESRD. Although that 
number is relatively small, allowing no firm conclusions, it offers interesting data when 
expressing the percentage of patients of the various CKD stages who reach ESRD. Patients 
with stages 1 and 2 CKD reach ESRD in approximately similar frequency as patients with 
stage 3, with the risk for ESRD in these earlier stages being approximately 25- to 45-fold 
increased compared with patients without CKD (Figure 2). The risk for reaching ESRD 
increases strikingly in stages 4 and 5 CKD. Patients with stages 4 and 5 CKD have 
approximately a 100- to 1000-fold higher risk for developing ESRD compared with patients 
with stages 1 through 3 CKD. Furthermore, patients with CKD not only are at significant 
risk for ESRD but also are at much higher risk for CVD events compared with people 
without CKD. Although only 13 patients in the overall cohort reached ESRD, 568 patients 
experienced a CVD event in that follow-up period. Figure 2 shows that the risk for 
developing a CVD end point in stages 1 through 3 CKD is much higher than the risk for 
developing ESRD, but the risk increases much more steeply for renal than for CVD end 
points. 
Which screening approach should be used? 
As listed in Table 1, the European screening programs had different designs. These 
different designs are summarized in Figure 3. Traditionally, it has been advocated to screen 
specific target groups for the presence of CKD, such as patients with diabetes and 
hypertension and elderly. Such a targeted screening approach (see Figure 3A) will result in 
a higher percentage of patients with CKD and will likely be more cost-effective than 
screening an entire population.10· 24 The benefits of targeted screening of patients with 
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Figure 2 The incidence of end stage renal disease (ESRD, .A.) and cardiovascular disease 
events (CVD, •) according to baseline chronic kidney disease (CKD) stage 
0.01 
no CKD 
Incidence rate per K/DOQI stage 
stage 1/2 stage 3 
K/DOQI stage 
stage 4 
Data derived from the PREVEND study. Notice the log scale on the vertical axis. 
stage 5 
diabetes and hypertension versus screening of the general population, however, are 
debatable. It is dependent, among others, on the percentage of incident ESRD cases that 
are due to diabetes and/or hypertension in a specific country. This percentage differs from 
more than 70% in the US Medicare population but is limited to 40% in various European 
countries.25 In the United States, targeted screening for patients with diabetes and/or 
hypertension may be favored,26 but in Europe, targeted screening on the basis of these 
risk factors may be of limited benefit to decrease the overall incidence of ESRD. 
Furthermore, it is known from several epidemiologic studies that for every patient with 
known hypertension or diabetes, there is one individual in the population for whom this 
diagnosis is not yet made but who already can have considerable associated end-organ 
damage.21•29 Last, preventive measures to postpone ESRD consist of rigid BP control, preferably 
with angiotensin-converting enzyme inhibitors or angiotensin receptor blockers. Patients 
with known diabetes or hypertension frequently are already on these regimens. Consequently, 
the number of individuals who are identified by targeted screening and for whom the 
screening results in a change of medical treatment may therefore be limited, although 
there clearly is room for better implementation of guidelines. One finally should realize 
that if all patients with known diabetes or hypertension and all those aged >50 yr are to 
be invited to visit their general practitioner for screening for CKD, then this will affect up 
to 50% or more of the overall adult population (Figure 3A). 
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Figure 3 Various screening approaches for CKD applied in Europe 
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Another approach, applied in various projects in the United Kingdom,S-7 uses an 
existing laboratory database (Figure 3B). By selecting all patients with elevated serum 
creatinine or, preferably, impaired eGFR (<60 ml/min per 1.73 m2), the screening may be 
limited to <5% of the population. There are some disadvantages to this approach. First, 
one is not aware of the indication of measuring eGFR. It may just be a temporarily elevated 
serum creatinine as a result of an intercurrent medical problem, thus not reflecting true 
CKD. It is therefore wise to have a confirmation of the impaired eGFR before extensive 
screening is performed. Second, by screening just for eGFR, one limits further studies to 
relatively old people and predominantly women, because eGFR declines with age and is 
lower in women than in men. In that situation, one will miss individuals in the younger age 
categories with eGFR values that may be in the lowest range for that age and gender 
group but may still be >60 ml/min per 1.73 m2. Third, asymptomatic individuals probably 
will not be in the database and will thus not be detected. Fourth, stages 1 and 2 CKD with 
(relatively) normal GFR but with signs of renal damage are approximately equally as 
frequent as stage 3 CKD and have comparable impact on renal and cardiovascular 
prognosis as stage 3. Finally, preventive intervention will especially be effective when 
started in an early stage of the disease. When limiting screening to identify only (frequently 
elderly) individuals who have already (severely) impaired renal function, the benefits of 
early intervention for individuals with stages 1 and 2 CKD will be overlooked. In our 
opinion, it should be concluded that a screening program to detect CKD should also 
include an effort to identify individuals with early CKD by also measuring albuminuria. 
A third approach is used in two different ways in the Netherlands: By preselection on an 
abnormal dipstick or albuminuria test (Figure 3C). In the PREVEND study, preselection was 
achieved on the basis of measurement of an abnormal urinary albumin concentration 
from a first-morning urine void.30 All inhabitants of the city of Groningen aged 28 to 75 yr 
were invited to send in by mail a questionnaire together with a sample of a first-morning 
urine void for measurement of urinary albumin concentration in a central laboratory 
facility. Of the 85,421 individuals, 40,856 participated.15 In the second phase of the PREVEND 
study, all individuals with a urinary albumin concentration >10 mg/ L were invited for more 
accurate measurements of cardiovascular and renal risk factors and are followed in time 
with respect to renal and vascular survival. If one limits further screening to individuals 
with a urinary albumin concentration >20 mg/L, then more extensive screening could be 
limited to 7% of the adult population. 
Preselection on an abnormal protein dipstick test was used by the Dutch Kidney 
Foundation.13 All adults in the Netherlands were offered the opportunity to order via 
internet a so-called "Kidney Check," consisting of a set of three urinary dipstick protein 
tests, together with instructions on how to use these test strips. Individual dipsticks could 
score negative, l +, 2+, or 3+, being >300, >1000, or >5000 mg/L, respectively. Individuals 
who scored ;:::l+ on at least two urine samples were advised to visit their general 
practitioner. The general practitioners had been sent a guideline, which was developed 
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by the Dutch Kidney Foundation together with the Dutch Society of General Practitioners, 
in which they were advised to confirm dipstick positivity by quantitative measurement of 
albuminuria in a first-morning void urine sample. In case of macroalbuminuria, they were 
advised to evaluate renal history and to measure BP, renal function, and plasma glucose. 
Altogether, 1.1 mil l ion individuals (8.7% of the target population) requested for this "Kidney 
Check".13 The evaluation of the campaign showed that 19% scored weak positive (at least 
two of three dipsticks being 1+) and 1% scored strong positive (at least one of the dipsticks 
being �2+). In 26% of the individual with strong positive results, the general practitioner 
detected a new diagnosis of proteinuria, impaired renal function, diabetes, and/or 
hypertension. Such new diagnoses were established in 10% of the individuals with weak 
positive results and in on ly 3% of individuals who had negative results.31 Important lessons 
can be drawn from this audacious campaign of the Dutch Kidney Foundation. First, it 
seems that a large percentage of the population is interested in becoming aware of their 
proteinuria status. Second, an unexpectedly high percentage scored weak positive. 
Additional investigations proved that this most likely was because the dipstick test 
frequently was not read in the most optimal situation, which is in daylight. When they are 
read under artificial l ight, false-positive readings may occur frequently. Third, preselection 
by the "Kidney Check" results in a decrease in workload for general practitioners in a CKD 
screening program. To identify one individual with renal disease, diabetes, or hypertension, 
the number needed to screen was reduced from 30 individuals with negative results to 10 
individuals with weak positive results and only four i ndividuals with strong positive results. 
Of note, the "Kidney Check" campaign was based on the strategy to identify individuals 
with macroalbuminuria (>200 mg/L). Individuals who are proved to have microalbuminu­
ria at confirmation (20 to 200 mg/L) are called false positive in such a strategy. Whether 
this is a correct term is debatable, because it is known that microalbuminuria also entails a 
worse cardiovascular32 and renal prognosis33 when compared with normoalbuminuric 
individuals. The clinical utility of a dipstick proteinuria test to detect microalbuminuria has 
been studied by Japanese investigators. They showed that many patients with dipstick 
positivity seem to have microalbuminuria.34 Of the individuals who were trace, 1+, or 2+ 
positivity, 61, 71, and 41%, respectively, had microalbuminuria, whereas only 1, 7, and 50% 
had macroalbuminuria. Only the patients with 3+ positivity were mostly (91%) macroalbu­
minuric (Figure 4). These data show that a dipstick test might well be used as a first 
selection to detect i ndividuals with (early) CKD. The actual, more extensive screen ing 
could then be limited to the individuals who have positive results on that first selection 
step (Figure 3C). Depending on the strictness of this preselection step, the actual screening 
can be limited to 20 or maybe even <10% of the population. 
Costs of screening programs 
A Markov model analysis for the costs of screening for dipstick proteinuria was performed 
in the United States. In that analysis, screening was to take place at the general practitioner's 
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Figure 4 Percentage of individuals who score negative or trace+, 1+, 2+ or 3+ positive 
on a dipstick protein test that with closer examination seemed to have micro­
albuminuria or macroalbuminuria 
1 00 D Microa lbuminuria 





a, 40 0.. 
30 
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1 0  
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Microalbuminuria defined as ACR>30mg/g and <300mg/g, and macroalbuminuria as ACR<!300mg/g (33). 
office, and only costs to prevent ESRD were incorporated. Boulware et al.24 calculated that 
this approach was cost-effective only when screening was limited to older individuals and 
those with known hypertension or when it was conducted at 10-yr intervals only. These 
data are frequently used to oppose the benefits of screening of the overal l  population; 
however, in that analysis, the benefits of screening were assumed to be limited to the 
prevention of ESRD, whereas it is widely known that most of the patients with proteinuria 
and patients with eGFR <60 ml/min wil l  more frequently sustain a cardiovascular event 
and will generally even die before they reach ESRD. T hus, an appropriate cost-benefit 
analysis should also take into account potential benefits with respect to preventing 
cardiovascular events. Atthobari et al.35 showed that screening of an adult population for 
an elevated urinary albumin excretion (in that study, albuminuria >1 5 mg/d) and 
subsequent treatment of individuals with positive screening results with an angiotensin­
converting enzyme inhibitor was cost-effective when calculated to prevent cardiovascular 
end points: 16,500 Euro per life-year gained. T h is figure even improved to 1 2,000 Euro per 
l ife-year gained when the treatment would be limited to an albuminuria level of >30 
mg/d. Besides the difference in whether CVD benefits are incorporated, another difference 
between the approaches by Boulware et al. and Atthobari et al. is that the first studied a 
strategy in which screening was to take place at the general practitioners office, whereas 
the latter used the approach discussed in which a prescreening took place on spot 
morning urine samples hat were delivered by mail for measurement of urinary albumin 
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concentration. The actual screening could then further be limited to individuals whose 
screening results are positive on that first urine sample.30 One could thus consider this as 
a variant of targeted screening, targeted not on a risk factor for CKD but on an early phase 
of CKD; however, it is not known whether data from this Dutch study can be extrapolated 
to other countries. More data are needed to substantiate which approach is most cost­
effective. 
This is all the more interesting because the cost-effectiveness of screening and treatment 
programs depends on the phase of the disease process in which an individual is identified. 
In a study of individuals with diabetic nephropathy, in which the benefits of early 
intervention were compared with late intervention, it was shown that early intervention 
with an angiotensin receptor blocker prevented more ESRD cases than late intervention.36 
Palmer et a/.36 calculated that the earlier the individual at risk is detected and preventive 
treatment is started, the more cost-effective such treatment will be. The start of an 
angiotensin receptor blocker in individuals with incipient diabetic nephropathy was found 
to result in a greater cost saving than the start of this drug in case of overt diabetic 
nephropathy. This is further argument that screening for albuminuria, which also identifies 
individuals with stages 1 and 2 CKD, may be preferable over screening for only impaired 
eGFR. 
Who Should Manage Screening and Subsequent Treatment Programs? 
In Europe, approximately 10% of the general population has CKD; therefore, when we 
favor that it should be detected and treated to prevent progressive renal function decline, 
we should discuss who is able to manage that care. Traditionally, individuals with stages 4 
and 5 CKD were referred to a nephrologist. Some argue that the 5% of the population with 
stage 3 CKD should also be seen by a nephrologist. Taking the evidence that individuals 
with stages 1 and 2 may be at similar risk as individuals with stage 3 for renal and 
cardiovascular prognosis, that conclusion could be extrapolated to individuals with stages 
1 and 2 CKD. Arguments for that proposal are that generalists are not sufficiently well 
trained to recognize the problems of CKD.37 Moreover, if a patient is being detected by the 
general practitioner to have CKD, then this is not a guarantee that he or she will receive 
appropriate care.38 Conversely, referral of all patients with CKD is unrealistic. The best 
results probably can be achieved by a collaborative effort of primary and secondary care. 
Lack of awareness of clinical practice guidelines and lack of clinical and administrative 
resources of primary care physicians have been identified as important barriers to care. 
Improved dissemination of existing guidelines and targeted education in conjunction 
with efforts to build consensus among primary care physicians and nephrologists 
regarding their roles in the care of patients with CKD, including the collaborative 
development of clinical practice guidelines, could enhance patient care.39 The recent 
initiative of the UK Renal National Service Framework4° and the inclusion of CKD in the 
financially incentivized quality-based contract for general practices in England41 should be 
1 47 
Chapter 6 
considered as a great step forward in optimizing the recognition of CKD in the National 
Health Service in the United Kingdom. It was calculated that the costs of implementing 
guidelines for CKD in the United Kingdom could already be recouped by delaying dialysis 
requirement by 1 yr for one individual per 10,000 patients treated according to guidelines.42 
As mentioned before, these figures will be even more positive when taking into account 
the benefits of CVD prevention. 
Conclusions 
Various screening programs are running in Europe. The criterion for defining CKD in the 
various programs differs but is frequently limited to eGFR, thus offering only data on CKD 
stages 3 through 5. We propose that screening should not be limited to measuring eGFR 
but should also include a measure of albuminuria, because this will offer the possibility 
also to identify individuals with stages 1 and 2 CKD. Identifying individuals with these 
earlier stages is of importance because evidence emerges that the renal and cardiovascular 
risks that are associated with stages 1 and 2 are nearly equal to those of stage 3. 
The benefits of screening programs should not be evaluated only with respect to the 
prevention ofrenal events but also should include the benefits of preventing cardiovascular 
events. Including that latter aspect will also prove these programs to be more cost­
effective. An alternative for targeted screening may be that individuals perform a dipstick 
test for proteinuria at home or send a urine sample by mail to a central laboratory. 
Individual who score positive on a dipstick test or have elevated levels of albuminuria are 
advised to visit their general practitioner for detailed renal and cardiovascular risk profiling 
and treatment. 
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Abstract 
Screen ing for chron ic kidney disease (CKD) has been advised in high risk popu lations. The 
present study aims to compare the yields of four approaches to select high risk subjects 
for CKD screening, which are defined by: 1. history of cardiovascular (CV) disease, diabetes 
mellitus or hypertension (=high CV risk), 2. high CV risk or age >55 yr, 3. urinary albumin 
concentration (UAC) �20 mg/L or 4. � 10 mg/L at pre-screening. The study population is a 
sample of the general population (n=3398). UAC was measured (nephelometry) in a first 
morning void urine sample collected at home and sent to a laboratory by post. Information 
on demographics and the presence of CV risk factors was obtained by a questionnaire. 
The presence of CKD was determined during examination at an outpatient clinic. At 
baseline, 12% of the subjects met the criteria of approach 1, 33% of approach 2, 8% of 
approach 3 and 25% of approach 4. CKD was diagnosed in 370 subjects (11%). Approach 2 
detected most CKD patients (sensitivity 65%), approach 3 resulted in the lowest number 
needed to screen (1.9). During follow-up of 7 yrs, only the UAC pre-screening approaches 
detected CKD patients who had both significantly accelerated renal function loss and 
increased CV risk compared to subjects without CKD. Only 28% of them used antihyper­
tensive/angiotensin-converting enzyme inhibitor treatment prior to screening. This study 
suggests that pre-screening on UAC should be favoured in comparison to screening 
based on CKD risk factors to detect CKD patients at high renal and cardiovascular risk. 
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Introduction 
Chronic kidney disease (CKD) is a disease affecting about 11-12% 1-3 of the general population. 
CKD and its complications seriously affect patient health and well-being 4, and impose 
high costs on the healthcare system. CKD often lacks symptoms, which results in a high 
percentage of unawareness5. However, detection of CKD in an early stage offers possibilities 
to start early treatment and thereby to delay or prevent complications of CKD.6 For this 
reason, screening for chronic kidney disease has been advocated. 
Various CKD screening approaches have been suggested.7 Screening selected high 
risk groups has generally been preferred over screening of the general population to limit 
the costs and the psychological and physical burden of participants in such a screening 
programme.8•9 Two possible ways to select high-risk groups are 1. selection based on 
medical history and demographic factors, or 2. selection based on urine abnormalities, i.e. 
elevated levels of albuminuria in a urine sample obtained at a pre-screening. The first 
method is adopted by the Kidney Disease Outcomes Quality Initiative (K/DOQI) guidelines, 
which recommend screening of patients with known hypertension, known diabetes 
mellitus (OM) and a cardiovascular (CV) disease history,4 whereas screening subjects of 
older age has also been suggested. This age cut-off to define "elderly" is of course arbitrary. 
Hallan et al suggested that >55 years would be efficacious.4·10 The possible merits of 
pre-screening on albuminuria has been advocated,7 but is not practiced yet. Traditionally, 
the cut-off of urinary albumin concentration (UAC) indicating abnormal albuminuria has 
been 20 mg/L. Recently, it has been suggested to lower that cut-off to 10 mg/L in order to 
lower the number of false- negative test results.1 1  
Results of  previous studies considering the yield of screening by the various screening 
approaches are difficult to compare because of differences in populations that were 
included in these studies and the different definitions of CKD that were used.1 0-1 2-14 
Therefore, in the present study, the yield of various screening approaches will be compared 
in the same study population, using the widely accepted K/DOQI definition of CKD.4 Four 
screening approaches will be compared: 1. selection based on the presence of known 
non-insulin dependent diabetes mellitus (NIDDM), cardiovascular disease history or 
hypertension, 2. selection based on approach 1 and/or age >55 years, 3. selection based 
on UAC of �20 mg/L at pre-screening, or 4. UAC �10 mg/L at pre-screening. These 
approaches will be compared first, on their ability to detect patients with CKD, and second, 
on their ability to identify those subjects with CKD that are at risk of accelerated renal 





This study is part of the Prevention of Renal and Vascular End-stage Disease (PREVEND) 
Study, a prospective cohort study that was designed to investigate the predictive value of 
albuminuria for renal and cardiovascular outcome in the general population. The study 
was initiated in 1997, when all 85,421 inhabitants of Groningen, the Netherlands, aged 
28-75 years, were invited to fill out a brief questionnaire and to collect a urine sample (pre­
screening). For this purpose, all subjects were sent a urine collection device including 
instructions to collect a first void morning urine sample, which could be returned by mail 
to a central laboratory. UAC level was measured at the central laboratory within three days, 
meanwhile keeping the samples refrigerated. 
Insulin-dependent diabetes mellitus patients and pregnant females (defined by 
selfreport) were excluded from the 40,856 (47.8%) responders. All remaining subjects with 
a UAC �10 mg/L were invited and 6,000 participated. Furthermore, a randomly selected 
control group with a urinary albumin concentration of <10 mg/ L was invited and 2,592 
participated. These 8,592 subjects constitute the PREVEND cohort. Enrichment for subjects 
with higher albuminuria values in the PREVEND cohort may bias the comparison of the 
different screening approaches. Therefore, a subcohort representative of the Groningen 
population was composed. All subjects with a urinary albumin concentration of <10 mg/L 
who completed the first screening were included and a subset of subjects whose urinary 
albumin concentration was �10 mg/L was added by proportionally taking a computer 
generated, random subset. After the exclusion of 34 participants who had incomplete 
information on CKD status at the first screening round, a cohort of 3,398 participants was 
created. Measurements of renal and cardiovascular risk factors and outcome were repeated 
approximately every three years at an outpatient department. Detailed information on 
the study design and the fact that our study cohort is indeed representative for the overall 
general Groningen population has been published elsewhere 15• 
The PREVEND Study is approved by the medical ethics committee of our institution and 
conducted in accordance with the guidelines of the declaration of Helsinki. All participants 
gave informed consent. 
Pre-screening: definitions & measurements 
Pre-screening was performed as a means to select high risk subjects for actual screening. 
Pre-screening was performed via post, by sending all subjects a short questionnaire and 
a test tube to collect a sample of a first morning urine void. High risk subjects were 
selected for the various screening approached based on: 1. high CV risk, 2. high CV risk or 
age :2::55 years, 3. UAC :2::20 at pre-screening, or 4. a UAC �10 at pre-screening. To be selected 
as 'high CV risk' (approaches 1 and 2), the subject had to fill in on the pre-screening 
questionnaire to be known with a myocardial infarction, cerebrovascular accident, non-
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insulin dependent diabetes mellitus or hypertension in need of medical treatment. 
Selection for approaches 3 and 4 was based on measurement of UAC in the first morning 
void urine samples, which were sent to a central laboratory by post and were measured 
within 3 days by nephelometry (Dade Behring Diagnostic, Marburg, Germany). 
Actual screening: definitions & measurements 
Participants were invited for the first screening round within 3 months after pre-screening. 
Baseline characteristics are based on information obtained at the first screening round. 
Each screening round consisted of two visits to an outpatient department separated by 
approximately 3 weeks. Participants filled in an extensive questionnaire on demographics, 
cardiovascular and renal history, lifestyle habits and the use of antidiabetic and anti hyper­
tensive drugs. A subject was classified as smoker if the subject indicated to be a present 
smoker or if the subject has quit smoking <1 year ago. Cardiovascular disease history was 
defined as a self-reported history of myocardial infarction or cerebrovascular accident. 
Information on drug use was also obtained from community pharmacies in Groningen. 
During both study visits blood pressure (BP) was measured in the right arm ,  every 
minute for 1 0  and 8 min, respectively, by an automatic Dinamap XL Model 9300 series 
device (Johnson-Johnson Medical INC, Tampa, FL, USA). For systolic and diastolic blood 
pressure (SBP and DBP respectively), the mean of the last two recordings from each of the 
two visits was used. Anthropometrical measurements were performed, and fasting blood 
samples were taken. In addition, subjects collected urine for two consecutive periods of 
24 hours. Serum creatinine was measured by dry chemistry (Eastman Kodak ,  Rochester, 
NY, USA) which is an automated enzymatic method with intra- and interassay coefficients 
of variation of 0.9 and 2.9%, respectively. Urinary albumin concentration was determined 
by nephelometry (Dade Behring Diagnostic, Marburg, Germany), and urinary albumin 
excretion (UAE) was given as the mean of the two 24-hr urinary excretions. Laboratory 
personnel performing these tests were blinded to previous test results and clinical 
information. The presence of chronic kidney disease was assessed at the first screening 
round. CKD was defined by: estimated glomerluar filtration rate (eGFR) <60 ml/min/1.73m2 
(stage 3 to 5) or eGFR �60 ml/min/1 .73m2 with UAE �30 mg/24hr (stage 1 and 2). 
Glomerular filtration rate (GFR) was estimated by the abbreviated MORD formula.16 
Follow-up measurements 
During follow-up, information was obtained on cardiovascular and renal endpoints. The 
cardiovascular endpoint was defined as the incidence of fatal and non-fatal cardiovascular 
first events after the first screening round. These data were obtained from the Dutch 
registry of hospital discharge diagnoses (PRISMANT) and from the Dutch Central Bureau of 
Statistics for causes of death. All data were coded according to the International 
Classification of Diseases (ICD), 9th revision and the classification of interventions. For this 
study cardiovascular events were defined as: acute myocardial infarction (!CD-code 410), 
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acute and subacute ischaemic heart disease (411), subarachnoid hemorrhage (430), 
occlusion or stenosis of the precerebral (433) or cerebral arteries (434), coronary artery 
bypass grafting or percutaneous transluminal coronary angioplasty, and other vascular 
interventions as percutaneous transluminal angioplasty or bypass grafting of aorta and 
peripheral vessels. Survival time of a subject was defined as the time between the date of 
UAE measurement to the date of first cardiovascular event or 31 December 2005. People 
who died of other causes, moved to an unknown destination or were lost to follow-up 
were censored from that time on. As renal endpoint we used the rate of decline of renal 
function per year, which was depicted by the slope of a linear regression line, fitted 
between the two or three serial estimates of GFR, using the least squares principle. 
Statistical analyses 
Analyses were performed using the statistical package SPSS 1 4.0 (SPSS, Chicago, IL). A 
P-value ::;0.05 was adopted to indicate statistical significance. Normally distributed data 
are reported as means with standard deviation, whereas data with skewed distribution are 
given as medians with interquartile range. Differences between groups were tested by 
Student's t-test for continuous data. Differences in prevalence or incidence were tested 
with a chi-square test. Subjects with missing data were not included in the analysis, since 
the number of subjects with missing data was small (<5% of the total) and appeared to be 
randomly missing. Screening approach test characteristics were calculated. Sensitivity 
was defined as the number of subjects with a positive test at pre-screening who appeared 
to have CKD at baseline screening (true-positive), divided by the total number of subjects 
with CKD at baseline screening. Specificity was defined as the number of subjects with a 
negative test result who appeared not to have CKD at baseline screening (true-negative), 
divided by the total number of subjects without CKD at baseline screening. The positive 
predictive value was defined as the number of true-positive test results divided by the 
total number of positive test results; the negative predictive value was defined as the 
number of true-negative test results divided by the total number of negative test results. 
The positive likelihood ratio was defined as sensitivity divided by 1 -specificity, the negative 
likelihood ratio was defined as 1-sensitivity divided by specificity. Number needed to 
screen was defined as the number of subjects that participated in the actual screening 
divided by the number of subject that were detected with CKD. 
Cox proportional hazards analysis was used to calculate the hazard ratio (HR) and 95% 
confidence interval (95%CI) for cardiovascular events. Linear regression analysis was used 
to obtain the age- and sex-adjusted rate of eGFR decline. The purpose of the present 
study is to evaluate the yield of different screening approaches. When evaluating 
prognostic factors for a screening test, a causal association between the prognostic factor 
and outcome is not necessary. Consequently, adjustment for confounders is not needed.1 7 
However, adjustment for age and sex was incorporated, since age and sex are non­
modifiable variables and are therefore not eligible for intervention.  
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Results 
Baseline characteristics of the study population are shown in Table 1. A flow-chart of the 
follow-up of the study cohort is shown in Figure 1. The characteristics of the subjects that 
would be selected by a certain screening approach ("present") are compared with the 
characteristics of those who would not be selected by that same approach ("absent"). In 
general, the subjects selected by the four screening approaches are older, more often 
male, have higher blood pressure, have higher cholesterol and have higher glucose levels 
when compared to non:selected subjects. Subjects selected by approaches 1 (CV risk 
factors) and 2 (CV risk factors or age >55 yr) are on average older than subjects selected by 
approaches 3 (UAC 2:20 mg/L) and 4 (UAC 2: 10 mg/L), they use more often blood pressure 
and lipid lowering medication, have lower baseline eGFR and have a lower UAC. 
In total, 370 patients appeared to have CKD at the first screening round, with 47 (13%) 
patients having stage 1 CKD, 139 (38%) stage 2, 183 (49%) stage 3 and 1 (0.3%) stage 4. 
Figure 2 shows how many patients with CKD were detected per screening approach, including 
the number needed to screen to find one case of CKD (Figure 2, cross-sectional data). 
Approach 1 (CV risk factors) detected the lowest number of CKD patients (n=104), whereas 
approach 2 (CV risk factors or age >55 yr) detected the highest number of CKD patients 
(n=240), which was 65% of the total number of CKD patients (n=370). However, applying 
approach 2 also results in the highest number of subjects that need to be screened, 
namely 33% of the total population of 3398 subjects, resulting in a number needed to 
screen to identify 1 patient with CKD of 4.6. Approach 3 (UAC 2:20 mg/L) results in the 
lowest number needed to screen compared to the other approaches, but leaves more 
than half of the CKD patients undetected. Approach 4 (UAC 2:10) yields a lower number 
needed to screen compared to approach 2, but still detects the majority of CKD patients. 
Table 2 shows the characteristics of the CKD patients, comparing those who were 
detected ("true positives") by the different screening approaches with those who were 
left undetected ("false negatives") by that approach. CKD patients that were detected by 
approaches 1 or 2 were older, had lower baseline eGFR and were more often treated with 
antihypertensive medication than the subjects with CKD that are detected by approaches 
3 and 4: 83% of CKD patients detected by approach 1 received blood pressure lowering 
medication versus about 28% of CKD patients detected by elevated levels of UAC. Patients 
detected by approach 1 also used 3 times more often angiotensin-converting enzyme 
inhibitors (ACEis)/angiotensin receptor blockers (ARBs) compared to patients detected by 
approach 3 or 4. 
The screening approach test characteristics to detect CKD at baseline are shown for 
the four different screening approaches in Table 3. In accordance to the results described 
above, approach 2 has the highest sensitivity, whereas approach 3 has the highest 
specificity. This latter approach stands out with its likelihood ratio for a positive test of 
10.08 and its positive predictive value of 55%. 
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Table 1 Baseline characteristics of the overall population and whensubdivided 
according to whether one of the four screening criteria is present or absent 
All 
Screening approach 1 
CV risk 
present absent 
n=3398 n==393 n::::3005 
Age (yr) 49 ( 1 2) 60 ( 1 0)* 47 ( 1 2) 
Male (%) 45 50* 44 
Hypertension (%) 9.6 74* 1 .2 
NIDDM (%) 1 . 1 8.9* 0.1 
CVD history (%) 4.2 27* 1 .2 
Smoking (%) 35 25* 36 
BMI (kg/m2) 26 (4. 1 ) 28 (4.0)* 26 (4.0) 
SBP (mmHg) 1 26 ( 1 8) 1 41 (20)* 1 24 ( 1 7) 
DBP (mmHg) 73 (9) 78 (9)* 72 (9) 
BP lowering medication (%) 1 2  80* 4.2 
ACEi/ ARB (%) 3.7 31 * 0.4 
Cholesterol (mmol/L) 5.6 ( 1 . 1 )  5.9 ( 1 .0)* 5.6 ( 1 .2) 
Lipid lowering medication (%) 4.6 20* 2.2 
Glucose (mmol/L) 4.7 ( 1 .0) 5.4 ( 1 .5)* 4.6 (0.9) 
Glucose lowering medication (%) 1 . 1 7.5* 0. 1 
U ric acid (mmol/L) 0.30 (0.08) 0.34 (0.09)* 0.29 (0.08) 
eGFR (mUmin/1 .73m2) 80 ( 1 4) 74 ( 1 4)* 81 ( 1 4) 
UAC (mg/L) 5.7 (3.4-9.9) 6.7 (3.7-1 3)* 5.6 (3.3-9.4) 
Mean (sd), median (interquartile range). Abbreviations: N IDDM, non-insulin dependent diabetes mellitus; 
ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor b locker; eGFR, estimated 
g lomerular filtration rate; UAC, urinary albumin concentration; CKD, chronic kidney disease; CV, cardiovascular; 
OM, diabetes mel l itus. *p<0.05 compared to those with that screening criterion absent. 
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Screening approaches 
Screening approach 2 Screening approach 3 Screening approach 4 
CV risk or age >55 yr UAC c?:20 mg/L UAC c?:10 mg/L 
present absent present absent present absent 
n=l l 12  n=2286 n=270 n=3 1 28 n=833 n=2565 
63 (7.5)* 42 (7.4) 54 (13)* 48 (12) 50 (1 3)* 48 (12) 
49* 43 54* 44 52* 43 
28* 0.7 18.5* 8.8 1 3* 8.5 
3.2* 0.0 2.6* 1 .0 1 .7 0.9 
12* 0.5 7.0* 4.0 6.2* 3.5 
27* 39 40 35 40* 33 
27 (4.0)* 25 (3.9) 27 (4.7)* 26 (4.0) 26 (4.3)* 26 (4.0) 
137 (20)* 121 ( 15) 138 (23)* 125 (18) 132 (21 )* 124 (1 7) 
77 (9)* 71 (9) 77 (10)* 72 (9) 75 (10)* 72 (9) 
35* 2.7 26* 1 3  19* 12 
12* 0.2 9.9* 3.9 6.7* 3.7 
6.0 ( 1 .0)* 5.4 (1 . 1 )  5.9 (1 .1)* 6.0 (1 . 1 )  5.6 (1 .1)* 5.6 ( 1 . 1 )  
11*  1 .1 6.3* 4.4 6.7 3.9 
5.1 ( 1 .2)* 4.6 (0.8) 5.2 (1 .5) 4.7 (0.9) 5.0 (1.2)* 4.6 (0.9) 
2.8* 0.2 3.6* 0.8 2.0* 0.7 
0.32 (0.08)* 0.29 (0.07) 0.33 (0.09)* 0.29 (0.08) 0.31 (0.09)* 0.29 (0.08) 
74 (13)* 84 (13) 78 (16)* 81 (14) 81 (15) 80 ( 1 4) 
5.9 (3.3-11 )* 5.6 (3.4-9.1) 32 (24-62)* 5.3 (3.2-8.2) 14 (12-24)* 4.5 (2.9-6.4) 
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Figure 1 Flowchart of the study cohort 
3398 
Fi rst screening, 1997-1998 
I 69 I I Died 4.2 yr FU 
I 507 I I Withd rawals 
2822 
Second screening, 2001-2003 
I 21  1 1  1 7  I I Died Died 2.3 yr FU 
I 41 7 I I Withd rawals 
2384 
Third screening, 2003-2006 
Figure 1 shows that about 70% of the study subjects still participated in the third 
screening (n=2384). Figures 3 and 4 show the outcome of the CKD patients during 
follow-up, separated for CKD subjects that would have been detected and CKD subjects 
that would not have been detected by the different screening approaches. Follow-up for 
incidence of cardiovascular events (n=l86) in the overall population was 7.3 (± 1.5) years. 
No differences were observed in duration of follow-up between the various groups. The 
cumulative incidence of CV events during follow-up in the CKD subjects that were 
detected per risk group were 21 % (=22/1 04) in the CV risk group (approach 1 ), 19% 
(=46/240) in the CV risk or age >55 yr group (approach 2), 23% (=34/149) in the UAC 
�20mg/L group (approach 3) and 20% (=43/216) in the UAC �10 mg/L group (approach 4), 
whereas the cumulative incidence of CV events in subjects without CKD was 4.4% 
(=133/3028) during follow-up. The age and sex-adjusted hazard ratios for a CV event for 
CKD subjects that were detected versus those who were not detected are shown in Figure 
3, for which subjects with no CKD were used as reference. Figure 3 i l lustrates that the 
approach that detects most CKD patients (approach 2), does not detect the patients at 
highest CV risk. Although the absolute number of CV events during follow-up is highest in 
the group selected by approach 2 (Figure 2), the group that was left undetected by this 
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Table 2 Comparison of the characteristics of CKD patients that were detected 
("true positives") by each screening approach versus those who were left 
undetected ("false negatives") 
All 
Screening approach 1 
CV risk 
present absent 
n=370 n=l 04 n=266 
Age (yr) 58 (1 2) 65 (59-70)* 56 (46-68) 
Male (%) 44 56* 39 
Hypertension (%) 22 74* 2.3 
N IDDM (%) 1.6 5.8* 0 
CVD history (%) 36 28* 2.6 
Smoking (%) 35 23* 39 
BMI (kg/m2) 27 (4.5) 28 (3.9) 27 (4.6) 
SBP (mmHg) 140 (22) 146 (21)* 137 (22) 
DBP (mmHg) 77 (8) 79 (9)* 77 (10) 
BP lowering medication (%) 31 83* 7.7 
ACEi/ ARB (%) 12 35* 1.4 
Cholesterol (mmol/L) 6.0 (1.1) 5.9 (1.0) 6.0 (1 .2) 
Lipid lowering medication (%) 11 26* 4.5 
Glucose (mmol/L) 5.1 (1.4) 5.3 (1.1) 5.1 (1.4) 
Glucose lowering medication (%) 2.2 7.2* 0 
eGFR (ml/min/l .73m2) 68 (17) 59 (54-69)* 64 (56-84) 
eGFR < 60 (ml/min/1.73m2, %) 184 (SO) 59 (57) 125 (SO) 
UAE (mg/24hr) 35 (8.2-68) 34 (7.2-79) 36 (8.9-63) 
UAE ;?:30 mg 24/h (%) 59 56 61 
Mean (sd), median (interquartile range). Abbreviations: ACEi, angiotensin-converting enzyme inhibitor; ARB, 
angiotensin receptor blocker; eGFR, estimated glomerular filtration rate; UAE, urinary albumin excretion; CV, 
cardiovascular; DM, diabetes mellitus. *p<0.05 compared to those with that screening criterion absent. 
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Screening approaches 
Screening approach 2 Screening approach 3 Screening approach 4 
CV risk or age >55 yr UAC �20 mg/L UAC �10 mg/L 
present absent present absent present absent 
n=240 n=1 30 n=1 49 n=22 1 n=2 1 6  n=1 54 
66 (61 -70)* 46 (39-5 1 )  5 9  (48-68) 62 (50-69) 59 (48-69) 57 (54-59) 
48* 33 63* 3 1  58* 24 
34* 0.8 22 23 20 25 
2.5 0 3.4* 0.5 2.3 0.6 
15* 0 1 1 .4 8.6 1 2  6.5 
29* 45 44* 28 4 1 * 26.0 
28 (3.9)* 27 (5.2) 28 (4.8)* 27 (4.2) 28 (4.6)* 27 (4) 
1 46 (2 1 )* 1 28 (1 9) 1 46 (22)* 1 35 (2 1 )  1 43 (22)* 1 34 (2 1 )  
79 (9)* 75 ( 1 0) 80 ( 1 0)* 75 (9) 80 (1 0)* 74 (9) 
43* 5.7 29 32 28 34 
1 8* 0 1 0  1 2.6 1 0  1 2  
6.1 ( 1 . 1 )* 5.8 ( 1 .2) 6. 1 ( 1 . 1 )  5.9 ( 1 . 1 ) 6.0 (1 . 1 )  6.0 ( 1 . 1 ) 
1 6* 1 .9 7.9 1 3  9.7 1 3  
5.2 ( 1 . 1 )  5. 1 ( 1 .7) 5.5 (1 .6)* 4.9 ( 1 . 1 )  5.4 ( 1 .6)* 4.7 (0.7) 
3.3 0 3.9 1 . 1 3.2 0.8 
59 (54-70)* 78 (59-90) 76 (62-87)* 58 (55-69) 75 (60-87)* 57 (54-59) 
1 43 (60) 41 (32) 32 (22) 152 (69) 54 (25) 1 30 (84) 
33 (7.7-65) 41 ( 1 1 -70) 71 (43-1 42)* 5.8 (1 1 -35) 53 (37-94)* 5.2 (7.4- 1 3) 
53 72 96 34 89 1 7  
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Table 3 Screening approach test characteristics to detect CKD 
Approach 1 Approach 2 Approach 3 Approach 4 
CV risk CV risk or age UAC �20 UAC �lO 
>55 yr mg/L mg/L 
Sensitivity (%) 28 65 40 58 
Specificity (%) 90 7 1  96 8 1  
Positive predicitive va lue (%) 26 22 55 28 
Negative predictive va lue (%) 91 94 93 94 
Likel ihood ratio positive test 2.95 2 .25 1 0.08 3. 1 2  
Likelihood ratio negative test 0.79 0.49 0.62 0.5 1 
Abbreviations: UAC, ur inary a lbumin concentration; CV, cardiovascular. 
Figure 3 Age and sex adjusted hazard rates (with 95% Cl) for CV events in patients 
without CKD at basel ine (open bar) and in those CKD patients that are 
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CV risk 
1 04 266 
22 31  
CV risk or  
age >55 yr 
240 1 30 
46 7 
UAC >20 mg/L 
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34 1 9  
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Figure 4 Rate of renal function decline during follow-up in patients without CKD at 
baseline (open bar) and in those CKD patients that are detected (black bars) 
or not detected (grey bars) per screening approach (with 95% Cl) 
No CKD CV risk CV risk or UAC >20 mg/L UAC >10 mg/L 










-1  C • detected 
-1 ,2 undetected 
N= 3028 1 04 266 240 1 30 149 221 216  1 54 
*p<0.05 compared to no CKD. 
approach had even a higher risk of CV events, after adjustment for age and sex, than those 
who were detected (HR=2.2 vs HR=l .8, p=NS). In contrast, the patients that were 
undetected by approaches 3 and 4 are not at increased risk of CV events when compared 
to subjects without CKD (HR=l .2 and HR=0.9 respectively, age and sex adjusted). 
The decline in eGFR for those with no CKD was on average -0.4 (±1.6) ml/min/l .73m2 
per year. Only CKD patients detected by both UAC approaches (UAC �20 and UAC �10) 
had a rate of eGFR loss that differed significantly from those with no CKD (p=0.001 and 
p=0.008, respectively, Figure 4). Although pre-screening on UAC �20 leaves more than 
half of the CKD patients undetected (as shown in Figure 2), Figure 4 shows that these 
subjects are not at increased risk of renal function loss and even have a mean rate of GFR 
loss that is less than those without CKD (-0.1 m l/min/l .73m2 per yr, p=0.005) . The same 
holds true for CKD subjects who are undetected by the UAC �10 approach (eGFR 0.1 ml/ 
min/l .73m2/year, p<0.001). CKD subjects detected by approaches 1 and 2 had a rate of 
eGFR loss that was not different from those who were undetected (p=0.l O and p=0.28). Of 
note, the rate of eGFR loss did not change after adjustment for age and sex. 
A sensitivity analysis has been performed for the risk of CV events and rate of renal 
function loss during follow-up, which included only patients who did not use antihyper­




The present study has compared different approaches to screen for CKO on their ability to 
detect CKO patients who are not yet treated for CKO and thereby eligible for intervention, 
and who are at increased risk of (KO-associated adverse events. The "CV risk or age >55 
years" approach detects most patients with CKO but had the disadvantages of yielding 
the largest number needed to screen, not detecting those CKO patients who were at 
increased risk of renal function loss during follow-up and leaving CKO patients at increased 
risk of cardiovascular events undetected. In contrast, the UAC �20 approach yielded the 
lowest number needed to screen, with the majority of CKO patients detected by this 
approach not being on antihypertensive/ACE-inhibiting medication yet. CKO patients 
detected by either UAC approach were at increased risk of cardiovascular events and had 
a significantly increased rate of renal function loss during follow-up, whereas CKO patients 
that remain undetected were not at increased risk of such events. 
Previous studies evaluating the detection of CKO by screening high risk groups are 
the HUNT II study, the KEEP program and the PolNef study.10-18•1 9  The latter two do not have 
data available on how many CKO patients are missed by these approaches and they have 
not shown follow-up data. We can only compare our findings to the HUNT II study by 
Hallan et al., which shows us how many CKO patients (eGFR <60 ml/min/ l .73m2) are 
missed by their approach (subjects with age �55 years or a history of OM or hypertension 
are screened): only 7% of CKO patients is left undetected. In contrast, the result of the 
present study shows that 35% of CKO patients are left undetected by this approach, partly 
explained by the inclusion of also stage 1 and 2 CKO in the present study, as opposed to 
the study by Hallan et al. When we use the same definition of CKO, being an eGFR <60 ml/ 
min/ l .73m2, 22% is left undetected by this approach in the present study. 
The present study has shown that, although the UAC pre-screening approaches do 
not detect the most CKO patients, these approaches are the only approaches which 
detect CKO patients who are both at increased renal and cardiovascular risk. A combined 
approach, for example approach 2 with approach 3 or 4, meaning that only high CV risk 
subjects are pre-screened for urinary albumin level, could be an interesting approach to 
investigate in future studies. 
Furthermore, it appeared that approach 3 is the most efficient screening approach, 
reflected by the lowest number needed to screen, meaning that the lowest number of 
subject had to undergo actual screening to find one case of CKO. One might argue that 
actual ly the whole population is actual ly screened, because of the pre-screening, which 
was done by receiving and returning questionnaires and a urine collection device by post. 
Because the present study evaluates a population screening approach, identifying high 
risk groups is necessary to be able to invite these high risk subjects for actual screening. 
Both the pre-screening by questionnaire (to identify subjects with known hypertension, 
known diabetes, a cardiovascular disease history, and/or age �55 yrs) and the pre-screening 
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based on UAC are relatively low in costs and not a burden to participants. Therefore, these 
pre-screening procedures should not be regarded as part of the actual screening itself. In 
line with this, the number needed to screen is based on the number of subjects 
participating in actual screening, not pre-screening. 
Some may argue that it seems circular to use albuminuria as a potential pre-screener 
when albuminuria is also part of the definition of the outcome measure, being CKD. 
However, urinary albumin levels for pre-screening are measured in a different way from 
the albuminuria measure that is used to define the outcome variable CKD. At pre-screening, 
a relatively simple, inexpensive and non-invasive method was used by obtaining a sample 
of a first morning void urine sample that was collected at home and sent to a central 
laboratory by post. For the actual screening, UAE was measured in two 24-hr urine 
collections, being the gold standard of assessing albuminuria. 
The four screening approaches have been compared with respect to their yield to 
detect subjects with CKD, with CKD being defined according to the present KDOQI 
guidelines. Of note, these guidelines are under debate 20. It has especially been under 
discussion whether subjects with stage 3 CKD, but without the presence of elevated levels 
of albuminuria, should be considered to have CKD. The findings of our study form an 
additional argument for including albuminuria in the classification of CKD. 
An important feature of the screening approaches is that it should detect patients 
which are eligible for intervention. In a recent editorial concerns were expressed with 
regard to limiting screening to subjects with known hypertension, known diabetes 
mellitus and/or a cardiovascular disease history, because these patients often already 
receive medical treatment 21 • This concern is supported by our data. When patients who 
do not receive blood pressure lowering medication are considered to be eligible for 
intervention, only 17% of CKD patients detected by approach 1 is eligible for intervention, 
compared to 57% detected by approach 2 and 71% versus 72% for approach 3 and 4 
respectively. Again, this information favours pre-screening for albuminuria instead of 
screening patients at high CV risk and/or age >55 years to identify subjects with CKD. 
Whether pre-screening for UAC levels will serve its ultimate goal, i.e. reducing the 
number of people with progressive kidney disease and its associated co-morbidities, 
depends on more factors. A number of criteria have to be fulfilled in order for a screening 
program to be of benefit 22-25. One of them is that there should be a screening test available, 
which makes a clear distinction between those at high risk of CKD and those at low risk. 
The present study shows that approach 2 (CV risk or age >55 yrs) had the highest sensitivity 
and approach 3 (UAC 2::20 mg/L) had the highest specificity (Table 2). Interpretation of 
these results depends on the importance of the occurrence of false-positive and 
false-negative tests. Since it has been shown that CKD patients who are not detected by 
the UAC approaches (= false-negative) are not at increased risk of progressive renal disease, 
nor at increased CV risk, it seems not so important that the sensitivity of approach 3 is 
lower than approach 2. 
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Another important criterion for a successful screening programme is the availability 
of appropriate treatment to prevent or delay the onset of disease. Although it is well 
accepted that the cornerstones of treatment of CKD are reducing blood pressure and 
reducing albuminuria, especially with an ACEi and/or ARB,26 these studies have all been 
performed in patients with known advanced CKD and not in subjects detected by 
screening. Efficacy of treatment in subjects detected by screening has to be investigated 
in future studies, which should also investigate the cost-effectiveness of the screening 
programme and consequent treatment. Of note, a recent study has shown that when 
taking into account all personnel, laboratory and overhead costs (including pre-screening 
on albuminuria) and the costs of subsequent treatment with an ACEi, pre-screening on 
albuminuria is cost-effective in the prevention of cardiovascular events.ma 
The present study is an observational study. Therefore, the outcome during follow-up 
of the subjects detected by the different screening approaches, should be regarded as 
their natural courses. We can only assume that if the patients would be optimally treated 
after detection, it would be of benefit to them and decrease the risk of adverse outcomes. 
For the same reason it is hard to estimate at what time interval screening should be 
repeated. However, Brantsma et al suggested that screening for albuminuria should be 
repeated every 5 years, based on its prognostic value for cardiovascular events.29 
The limitations of the present study are that this study population may not be 
representative of populations in other countries since 95% of the study population is of 
the Caucasian race and since the prevalence of non-insulin dependent diabetes mellitus 
was low, although consistent with other national reports at the time of start of the first 
screening.30 On the other hand, although there are racial differences, the current study 
population had for example a mean decline in eGFR that was comparable to the Japanese 
population.31 Furthermore, pre-screening by collecting a first morning urine void at home, 
pouring it in a tube, and sending it by post to a central laboratory may not be easy to 
achieve in some areas. In that case it can be preferred to invite the subjects to an outpatient 
clinic and deliver a urine sample there, which would limit the benefits of pre-screening. 
Furthermore, the present study has been performed in subjects who volunteered to 
participate in the PREVEND study. People who volunteer for screening programmes are 
usually healthier than people who do not want to participate, which may lead to selection 
bias. The outcomes that are reported by this study, being the number of CKD patients 
detected, the risk of CV events and the rate of renal function loss, are therefore likely to be 
underestimated. The same is true for loss to follow up, which is most likely higher among 
higher risk groups. Of note, one has to realize that, when screening programs are 
implemented, a certain group of subjects will always decline participation. Our findings 
reflect therefore the real-life situation. Furthermore, since we compared four screening 
approaches among the same study population, non-participation bias will influence all 
screening approaches to the same extent, and will therefore not influence our results. To 
increase the yield of CKD screening, strategies should be developed that try to increase 
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participation rates, especially under higher risk groups, such as subjects with lower 
socio-economic status. 
In conclusion, pre-screening by UAC level was the most efficient screening approach 
to detect CKD patients, and also the only screening approach that detected CKD patients 
with increased risk of cardiovascular disease and renal function loss during follow-up, as 
compared to subjects without CKD. CKD patients that were left undetected by this 
approach were not at increased risk of adverse events during follow-up. Also, only a 
minority of CKD patients detected by pre-screening on UAC level was treated with blood 
pressure lowering medication (including ACEi) and therefore most CKD patients detected 
by this approach were still eligible for intervention. Thus, the results of this study suggest 
that pre-screening on UAC should be favoured in comparison to screening based on 
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With the introduction of the term chronic kidney disease (CKD) in 2002, it has become 
clear that CKD is highly prevalent and affects about 10% of the general population.1•2 It has 
also been established that CKD is associated with increased risk of adverse health 
outcomes, such as kidney failure and cardiovascular morbidity and mortality.1 Since many 
patients do not suffer from symptoms of chronic kidney function impairment until they 
reach stage 4 or 5 CKD, most of them are unaware of having CKD 3. However, it is important 
to detect CKD patients in early stages, for, as is shown in figure 1, the earlier progression of 
kidney function decline is halted, the more disease-free life years will be gained. Therefore, 
screening for CKD to detect patients in an early stage of their disease, has been proposed. 
However, not all CKD patients suffer from adverse health outcomes, being progression of 
kidney function decline or increased risk of cardiovascular morbidity or mortality.H Since 
the goal of screening is to identify previously unknown or untreated patients who will 
benefit from intervention, it is important to identify the subgroup of CKD patients who are 
indeed at increased risk of adverse health outcomes, which could be prevented or delayed 
by intervention at an early stage. Therefore, the first aim of the present study was to find 
CKD markers which are associated with important adverse health outcomes of CKD, being 
progression of kidney function decline and cardiovascular and total mortality. The next 
step was to compare the yield of different approaches of screening for CKD among those 
who are eligible for intervention. At the end of this chapter recommendations for future 
research will be discussed in order to achieve the ultimate goal, which is prevention of 
CKD associated adverse events by timely intervention. 
Proteinuria has been shown to be a strong predictor of increased risk of kidney 
failure,9 which could also be explained by a plausible pathophysiological mechanism.10 
Since in many kidney diseases (micro-)albuminuria precedes proteinuria and is therefore 
often present in earlier, non-symptomatic stages of CKD, albuminuria could be a possible 
early CKD marker to detect subjects at risk of progressive renal function decline. In chapter 2 it 
was shown that elevated urinary albumin concentration (UAC), measured in a first morning 
void, was associated with a substantially increased risk of kidney failure in a general 
population cohort. Nearly 60% of the patients who reached end-stage renal disease 
during follow-up could have been identified by measurement of albuminuria in an earlier 
stage, of whom approximately half were unaware of CKD or were not treated for CKD at 
that time. Also, increasing levels of urinary albumin excretion were associated with 
increasing rate of renal function decline, with up to 4 times the average yearly decline in 
eGFR among subjects with urinary albumin excretion >300mg/24hr when compared to 
normoalbuminuric subjects. If screening were to be restricted to subjects at increased risk 
of CKD, being subjects with known hypertension, diabetes mellitus, cardiovascular disease 
history or older age, about 45% of subjects with elevated levels of albuminuria would have 
been missed using this approach. These subjects with no known risk factors for CKD but 
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elevated levels of albuminuria, were however at increased risk of kidney function decline. 
In conclusion, the results presented in chapter 2 give a clear indication that increasing 
levels of urinary albumin excretion is associated with increased risk of kidney function 
decline, in subjects with and without other risk factors for CKD. 
These results elicit further discussion. First, given these results, a substantial part of 
subjects (about 40%) who have kidney failure during follow-up are missed by screening 
for albuminuria. It is important to realize that a substantial part of these 'missed subjects' 
have causes of kidney failure that are not open for preventive measures (e.g. acute tubular 
necrosis due to sepsis). Besides this, the present study has investigated a one-time 
screening with a long-time follow-up. Screening at regular intervals could possibly 
increase the number of patients that are identified prior to kidney failure. Second, the 
present study has not investigated low eGFR as a CKD risk marker for increased kidney 
function decline or possible screening test. T his has not been done, since previous studies 
showed that subjects with impaired eGFR and no albuminuria had only a mildly increased 
risk of kidney failure.11 Moreover, for measurement of eGFR, drawing blood samples is 
required, which is more cumbersome, more invasive and more expensive than delivering 
a first morning void urine sample, and is therefore less eligible as a test for mass screening. 
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However, since eGFR is the primary variable of interest during follow-up, studies formally 
comparing the characteristics of eGFR and albuminuria as a screening tool are of interest. 
Third, to be able to evaluate cost-effectiveness, more knowledge about at least the 
efficacy of treatment of these subjects identified by screening is needed. 
Because in clinical practice eGFR is more often measured to detect CKD than 
albuminuria, there is a great interest in the association between eGFR and adverse health 
outcomes. As has been mentioned previously, conflicting results have been published 
regarding the association between eGFR and cardiovascular events in subjects with low 
eGFR without other signs of kidney damage7•12•1 3  and in elderly.14•15 It was postulated that 
the different outcomes of the association between eGFR and cardiovascular m ortality 
could be explained by the fact that the MORD equation is used, which had been 
established in a population with renal function impairment and may be less reliable in the 
general population.16 Furthermore, this equation uses serum creatinine measurements,  
which are dependent on muscle mass and could therefore differ among different age 
groups. The study described in chapter 3 compared GFR estimated with four different 
GFR estimating equations and 24-hr creatinine clearance as a more direct measurement of 
GFR, with respect to the association with cardiovascular events. This study was conducted 
among a general population cohort ,  which has also been subdivided in younger (<60 yrs) 
and elder (�60 yrs) subjects. Two estimating equations are serum creatinine based 
formulas, being the MORD formula, which has become the standard in many laboratories 
worldwide,16 and the CKD-EPI formula,1 7 which was more recently established and is 
believed to better estimate eGFR, especially in the higher (i.e. normal) ranges of GFR. Two 
other equations were serum cystatin C based equations, since serum cystatin C has been 
claimed to be a more reliable marker for renal function which is less dependent on patient 
characteristics.18 It appeared that in the general population, after adjustment for age and 
sex, the serum creatinine based equations were not significantly associated with 
cardiovascular events, whereas eGFR based on serum cystatin C and 24-hr creatinine 
clearance did show a significant association between eGFR and cardiovascular events. Of 
note, there was a significant interaction between age and eGFR in their association with 
cardiovascular events for all estimating equations, but not for 24-hr creatinine clearance. 
The age interaction for the estimating equations for GFR was illustrated by the finding that 
there was a strong association between eGFR and cardiovascular events in younger 
subjects, but there was no association between eGFR and cardiovascular risk in elderly. In 
contrast, there was an association between 24-hr creatinine clearance and cardiovascular 
events in all age groups, although it was weaker in elderly. Given the fact that 24-hr 
creatinine clearance is a more direct measure of GFR compared to estimating equations 
and this measure was less attenuated by age, we believe that this measure best reflects 
the true association between kidney function and cardiovascular events. Lastly, it was 
found that albuminuria was a risk marker associated with cardiovascular outcome, 
independent of the level of eGFR and independent of age. 
1 79 
Chapter 8 
Therefore, it can be concluded that: 1. It appears that there is an association between 
kidney function and cardiovascular risk in both the young and elderly, however this 
association is weaker in elderly than in younger persons. Nonetheless, although the 
relative risk of cardiovascular events in elderly is lower, their absolute risk is higher 
compared to younger subjects. 2. Albuminuria is associated with cardiovascular risk 
indepent of the level of eGFR or age. Since albuminuria is also a non-invasive and easy to 
measure parameter, it should have an important role in CKD related CV risk assessment. 3. 
From these data it could be concluded that 24-hr creatinine clearance may be the most 
reliable measure to estimate GFR in relation to cardiovascular risk assessment. In practice 
however, the cumbersome procedure of collecting a 24-hr urine sample seems less 
feasible for screening purposes. Therefore, the use of GFR estimation equations will remain 
wide spread. It is important to realize that the currently used GFR estimating equations 
may be less reliable predictors of cardiovascular risk and more research is needed to 
establish a more reliable estimate of GFR in elderly. 
Because of the confl icting results in literature about CKD being or not being associated 
with adverse health outcomes as has been described above, the validity of the definition 
of CKD has been subject to discussion.19-21 This debate has led KDIGO to initiate a meeting 
to discuss the controversies surrounding the CKD definition and possible ways to improve 
this definition.22•23 In this meeting data of the Chronic Kidney Disease Prognosis Consortium 
were presented. The goal of this consortium was to gain data about the prognosis 
associated with the different stages of CKD, which would form the basis of a new, progno­
sis-based definition of CKD. To be able to provide sufficient and convincing data, four 
meta-analyses have been performed according to the same protocol, combining the data 
of over 1 million patients from large cohort studies from all over the world, which had 
investigated chronic kidney disease and its association with adverse health outcomes. 
Data of these cohorts have been meta-analysed to study the association with adverse 
health outcomes for eGFR (MORD equation) and albuminuria independently of each other 
and eGFR and albuminuria combined. Adverse health outcomes that have been studied 
included total mortality, cardiovascular mortality, end-stage chronic k idney disease, acute 
kidney injury and progressive chronic kidney disease. These adverse health outcomes 
have been studied in the general population,24•25 in high risk populations (chapter 4) and 
in subjects known with chronic kidney disease.26 
It has been shown by these meta-analyses that eGFR less than 60 ml/min/1.73 m2 and 
urine albumin-creatinine ratio (ACR) of l 0mg/g or more, are significant predictors of 
all-cause and cardiovascular mortality in the general population24 and in high risk 
population (chapter 4) , independent of cardiovascular risk factors and independent of 
each other. The risk of mortality, after adjustment for cardiovascular risk factors, increases 
to at least 1.5 times the risk in the reference category with normal k idney function when 
eGFR drops below 45 ml/min/1.73m2 and ACR rises above 30 mg/g. Whereas the adjusted 
association between lower eGFR and mortality risk is non-linear (risk is only increased 
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when eGFR<60 ml/min/ l .73m2), the adjusted association between ACR and mortality risk 
is described by a linear line on the log-log scale. It appeared that in high risk populations 
(subjects with at least one of the following risk factors: history of cardiovascular disease, 
diabetes mellitus, hypertension, hypercholesterolemia or family history of cardiovascular 
disease) the relative risk for mortality associated with lower eGFR or higher ACR showed a 
similar pattern as the general population, but was numerically slightly lower. Although 
these meta-analyses have limitations, which have been discussed in chapter 4, they have 
provided the largest body of evidence thus far available studying the association of eGFR 
and/or ACR with increased risk of adverse outcomes among high risk subgroups. These 
data have been put at the disposal of the "KDIGO CKD Classification Working Group" to 
enable a new, prognosis based CKD classification system. It was suggested to this Working 
Group, after discussing the outcomes of the meta-analyses at the CKD Classification 
Controversies Meeting,23 that albuminuria has added value to predict prognosis at every 
level of eGFR and that relevant risk-subclassification is possible in the present CKD stage 3 
(30-60 ml/min/ l .73m2). The advise was therefore that a new classification of CKD should 
include staging based on both eGFR and ACR levels, with ACR split in 3 stages (0-30, 
30-300 and >300 mg/g creat respectively). Furthermore, the current eGFR stage three 
(30-60 ml/min/ l .73m2) should be subdivided in two stages. Recently, the new CKD 
guidelines have been published, in which these advises indeed have been adopted. 27 
Previous studies have convincingly shown that increasing levels of albuminuria are 
associated with increased risk for adverse outcomes including (cardiovascular) mortality 
and end-stage renal disease. Another important risk factor for these adverse outcomes is 
the metabolic syndrome.28 The metabolic syndrome is a syndrome consisting of central 
obesity and a cluster of metabolic disorders. Initially, it was proposed that albuminuria 
should be one of the criteria for metabolic syndrome, given the fact that the disorders that 
are part of the metabolic syndrome represent a common pathologic phenomenon, 
consisting of a state of chronic inflammation and endovascular damage. Albuminuria has 
been proposed to represent such a state of endovascular damage29 and could therefore 
be a useful addition to the criteria for the Metabolic Syndrome, but eventually it has not 
become one.30 Another marker for chronic inflammation and endovascular damage in 
which interest has risen during the past decade is  hs-CRP.31  I n  chapter 5 i t  has been 
investigated whether albuminuria and hs-CRP would add to the current definition of the 
metabolic syndrome in predicting outcome. It appeared that albuminuria was a significant 
and independent predictor for the adverse outcomes that were studied, that is de-novo 
cardiovascular events, diabetes mellitus type 2 and chronic kidney disease. It was shown 
that the more metabolic syndrome criteria a patient met, the higher the risk of adverse 
events. Interestingly, it appeared in multivariable regression analyses that the other criteria 
which are currently used to define metabolic syndrome (waist circumference, blood 
pressure, fasting plasma glucose levels, triglycerides and HDL), were not always 
independent predictors for all outcomes, in contrast to albuminuria. hs-CRP also appeared 
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to be associated with cardiovascular events and de-nova chronic kidney disease de nova, 
but not with de-nova diabetes mellitus. These data suggest that adding albuminuria to 
the present definition of the metabolic syndrome may result in better prediction of risk for 
adverse events. Therefore, it should be considered to add albuminuria as one of the criteria 
defining the metabolic syndrome. 
The previously discussed findings reinforce the idea that chronic kidney disease, 
measured by low eGFR and/or increased albuminuria, is associated with adverse outcomes. 
To delay or prevent these adverse outcomes , the International Society of Nephrology has 
called for action by setting up screening programs to detect CKD.32 In chapter 6 an 
overview has been given of various screening programs in Europe up to 2008 and the 
advantages or disadvantages of the various screening approaches. Remarkably, the 
different screening programs that were running at that time had different criteria for CKD, 
ranging from eGFR <60 ml/min/l .73m2 to serum creatinine >200 mmol/1 or dipstick 
positivity. This finding stresses the importance of a crucial criterion for mass screening, as 
formulated by Wilson and Jungner, namely that there should be one generally accepted 
definition of the disease that is sought for.33 Although the KDOQI definition of CKD, that 
was issued in 2002, could provide such a general ly accepted definition of the disease, 
chapter 4 has pointed out that there is an ongoing discussion on this topic. However, a 
new definition of CKD has been published recently by KDIGO, which is based on 
convincing evidence with regard to patient prognosis associated with CKD.27 Most likely, 
this definition will be generally accepted as the worldwide definition of CKD and thereby 
provide a basis for further research into the field of screening for CKD. 
In general, there are three screening approaches defined in literature, which are 
actual ly based on identifying subjects at risk of CKD who should undergo more extensive 
screening for CKD. The first approach is screening of subjects with increased risk of CKD 
based on their medical history, like patients with known hypertension, diabetes mellitus, 
cardiovascular disease or age. The second approach consists of screening subjects who 
have been identified as having a low eGFR (<60 ml/min/l .73m2) in a laboratory database. 
The third approach is based on pre-screening the general population on elevated levels 
of urinary albumin concentration, after which only those subjects with elevated levels of 
albumin are screened more extensively (see figure 1 , Chapter 6). 
The advantage of the first screening approach (screening high risk groups only) is 
that the incidence of CKD is higher among these risk groups compared to the general 
population, and thereby the approach will be more efficient and more likely cost-effective 
when compared to screening the general population. Disadvantages include missing 
subjects who have other causes of CKD than those related to hypertension, diabetes or 
vascular causes, which may be more than half of patients in some countries. In addition, 
many of the high risk patients identified by this approach already receive anti hypertensive, 
often renin-angiotensin-aldosterone-system intervening treatment. Identification of 
these subjects will therefore often not result in a change of treatment and consequently 
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also not in a change in prognosis. Furthermore, high risk patients and subjects >55 yrs of 
age may comprise more than 50% of the adult population. In case a targeted screening 
approach is not focused, but takes into account the larger part of the population ,  such a 
targeted screening approach loses its advantage over general population screening. 
Advantages of the second screening approach (screening only subjects with known 
low eGFR) are that only a small proportion of the general population needs to be screened 
(<5%). Disadvantages consist of not knowing the indication of eGFR measurement and 
thereby introducing a selection bias of which the effect is unknown. Another disadvantage 
is that subjects are only detected when they have already at least stage 3 CKD, thereby 
missing the opportunity to detect patients at an earlier stage (stage 1 and 2). 
The third screening approach (prescreening on urinary albumin concentration) has the 
advantages of limiting extensive screening to a small subgroup of the general population 
(about 7%) and to detect subjects by one of the parameters of interest, that is actually also 
targeted in treatment. The disadvantages include that the entire adult population should 
be pre-screened and that subjects with low eGFR without raised albuminuria will be 
missed. Low eGFR-low albuminuria subjects represent however only a minority of CKD 
patients and moreover, the results of the aforementioned meta-analyses suggest that 
these subjects have a relatively benign prognosis. 
In chapter 6 it is emphasized that the benefits of these screening programs should 
not only include the prevention of end-stage renal disease, but also prevention of 
cardiovascular morbidity and mortality. Since prescreening on albuminuria detects 
subjects at both high risk of kidney disease and cardiovascular disease, and detects 
subjects of which the majority is eligible for intervention, screening for albuminuria seems 
to be the most promising screening method. 
In chapter 7, some of the screening approaches that have been described in the 
previous paragraph, have been studied in detail. Four approaches to select subjects for 
more extensive screening were studied: 1. Selection of subjects with known hypertension, 
diabetes mellitus or cardiovascular disease; 2. Selection of subjects who meet the criteria 
for approach 1 and/or age >55 yrs, 3. Selection of subjects with a urinary albumin 
concentration of �20mg/l; 4. Selection of subjects with UAC �l Omg/L. Data of a 
representative sample of the general population were used. It appeared that approach 2 
resulted in the highest percentage of the overall population to be screened, being 33%, 
but this approach was also the most sensitive to detect CKD (65%). The third approach 
resulted in the lowest number needed to screen to find one case of CKD. Although 
sensitivity was lower among the pre-screening for UAC approaches, during follow-up it 
appeared that those CKD patients that were missed by this approach were not at increased 
risk of cardiovascular events or progression of renal disease compared to the population 
without CKD. In contrast, subjects who were missed by approach 1 and 2 did show 
increased risk of cardiovascular events compared to subjects without CKD. Furthermore, it 
appeared that only 17% and 57% of subjects detected by approach 1 and 2 respectively 
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were sti l l  e l ig ible for intervention, whereas for the UAC approaches, more than 70% of 
subjects detected were sti l l  e l ig ib le for intervention. Therefore, pre-screen ing on UAC is 
considered the favored approach. However, as has been d iscussed i n  th is chapter, more 
information is needed to g ive an evidence based advice on which screen ing approach is 
to be used to screen for CKD. 
All in a l l, the current work has provided evidence for the associat ion between chronic 
kidney d isease and adverse health outcomes, l i ke card iovascular morbid ity and mortal ity 
and kidney fa i lu re. Furthermore, it has provided data to support a new CKD staging system 
based on prognosis. Severa l approaches for popu lation screening for CKD have been 
d iscussed and investigated, of which screening for a lbuminuria seems the most promising 
method. However, cu rrently it seems not yet feasible to implement screen ing programs 
d ue to l imited evidence on  thei r effectiveness and cost-effectivity. 
Future directions 
When trying to address d i rections for future resea rch, it is important to evaluate the 
knowledge that is presently avai lab le. I n  this respect, the 'pri nciples and practice of 
screening for d isease', which have been publ ished i n  1 968 by Wilson and Jungner, 33 are 
currently sti l l  appl icable and can provide a framework to establ ish what knowledge 
should sti l l  be gathered to be able to make recommendations about screen ing for CKD . 
Therefore, their ten main criteria for screening for d isease have been l isted in Table 1 .  
Although most of these criteria have been met with regard to screening fo r  CKD, it is 
important to realize that some others have not been met yet, which could be important 
topics for future research. The fi rst criterion that is not met, is knowing the natural course 
of disease, s ince the definition of CKD was only introduced in 2002. Although the recent 
resu lts of CKD Prognosis Consort ium meta-analyses (chapter 4) have provided an 
important body of evidence about prognosis associated with CKD in an era that CKD was 
not a widely accepted phenomenon and therefore no standardized treatment regimens 
were instituted, the true natura l  course of the d isease, mean ing the cou rse of the d isease 
if you would refrai n  the patient from any treatment, is not known. However, s ince it is 
unethica l to observe the natural cou rse of the d isease given the current knowledge on 
the adverse outcomes associated with CKD, this specific criterion wi l l  not be a topic for 
fu rther resea rch. The criteria 'there should be a test or examination for the condition' and 
'there should be an agreed policy on whom to treat' a re not met currently, but part of the 
work in the current thesis has led to the i n itiative to develop a new, wide ly recognized 
defin ition of CKD and thereby, recommendations on how to establ ish this d isease.27 This 
new CKD definition is based on the patient prognosis that is associated with the d ifferent 
stages of CKD. An important issue which has a lso been addressed by the updated 
guidel ines is that the fi rst defin ition of CKD was based on GFR estimated by the MORD 
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Table 1 Wilson and Jungner criteria for screening for disease 32 
1. The condition should be an important health problem. 
2. There should be a treatment for the condition. 
3. Facilities for diagnosis and treatment should be available. 
4. There should be a latent stage of the disease. 
5. There should be a test or examination for the condition. 
6. The test should be acceptable to the population. 
7. The natural history of the disease should be adequately understood. 
8. There should be an agreed policy on whom to treat. 
9. The total cost of finding a case should be economically balanced in relation to medical 
expenditure as a whole. 
10. Case-finding should be a continuous process, not just a "once and for all" project. 
equation, which has been proven to have its flaws. Since gold standard measurements of 
GFR are invasive and costly and therefore not suitable for screening purposes, experts 
should agree upon the used method of estimating GFR to define CKD. Recent research 
has shown that the CKD-EPI equation is superior to the MORD equation in estimating 
normal range GFR and adverse health risks associated with decreased GFR. 17•34•35 Therefore, 
the new guidelines for CKD advocate the use of the CKD-EPI equation, instead of the 
MORD equation.27 In the new CKD definition, albuminuria levels have a more prominent 
role. However, currently albuminuria measurements have not been standardized yet. 
Nevertheless, it has been shown (chapter 4) that risk stratification based on the more easy 
to use measures of urine albumin levels, being albumin to creatine ratio in a urine portion 
or protein dipstick measurements, give similar results with regard to prognosis and risk 
stratification as compared to the gold standard of 24-hr urine albumin excretion. Given 
these similar results of different methods, worldwide standardization seems less relevant. 
Therefore, in the new CKD guidelines, albuminuria can be measured by 24-hr urinary 
albumin excretion or in a random urine portion as albumin creatinin ratio. 27 
Now that consensus to diagnose CKD has been reached, it is important to determine 
which patients that are detected with CKD should be treated, and by what kind of 
treatments. However, currently there are no data available on different treatment regimens 
of CKD patients detected by screening. Intervention trials comparing different treatments 
for CKD patients detected by screening should be performed to evaluate treatment 
approaches in different stages of CKD and its yields. These studies are also needed to 
enable cost-effectiveness analyses of different screening methods and consequent 
interventions. Boersma et al provided promising results with respect to cost-effectiveness 
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of pre-screening by measuring urinary albumin levels to prevent cardiovascular events36, 
in case of one-time screening. Since screening for CKD should be an on-going process, it 
is important to gain more knowledge about the value of serial screening and the optimal 
time interval between these screening rounds. Also, in case of screening for albuminuria, 
it is of interest to evaluate easier to use and less expensive methods to detect increased 
levels of urine albumin, like dipstick screening for albuminuria, given the promising results 
in the meta-analyses with regard to dipstick assessed albuminuria performed by the CKD 
Prognosis Consortium. 
Given the data presented in the current thesis on the extent of the health problems 
associated with CKD, it seems important to initiate (targeted) screening programs to delay 
or prevent adverse health effects associated with CKD. However, given the gaps in the 
current knowledge about the method of screening to be favoured and the effectiveness 
of treatment, a screening program should not be implemented yet. This thesis should be 
regarded as a stimulus for the nephrologic community to initiate studies that will answer 
these key questions. Hopefully the necessary knowledge will become available in the 
near future, since with the data currently available, screening for CKD seems to be a 
promising tool to prevent morbidity and mortality among a substantial part of the general 
population. 
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Samenvatting en discussie 
In 2002 werd de term 'chronische nierschade' ge·1ntroduceerd, wat een samenvattende 
term is voor het chronisch aanwezig zijn van een verminderde nierfunctie en/of andere 
tekenen van nierschade, onafhankelijk van de onderliggende oorzaak. Met nierfunctie 
wordt de klaring door de nieren bedoeld, dat wil zeggen, de hoeveelheid bloed die wordt 
gezuiverd van afvalstof fen door de nier per tijdseenheid. De nierklaring wordt uitgedrukt 
in milliliters per minuut. Chronische nierschade is ingedeeld in vijf stadia op basis van de 
nierfunctie , waarin stadium 1 de meest milde vorm van chronische nierschade betreft en 
stadium 5 de meest ernstige vorm. In stadium 5 is de nierfunctie dusdanig verslechterd 
dat patienten bijna toe zijn nierfunctievervangende therapie, zoals hemodialyse of nier­
transplantatie. 
Het is gebleken dat chronische nierschade voorkomt bij ongeveer 10% van de bevolking 
in Westerse landen. Daarnaast is aangetoond dat chronische nierschade geassocieerd is 
met een verhoogd risico op ernstige gezondheidsaandoeningen, zoals progressief nierfalen, 
hart- en vaatziekten en vroegtijdige sterfte. Omdat veel patienten geen symptomen 
hebben van chronische nierschade tot hun nierfunctie minder dan een derde van de 
normale nierfunctie is (stadium 4 en 5), is het merendeel van patienten met chronische 
nierschade zich er niet van bewust dat zij aan deze aandoening lijden. Het is echter 
belangrijk om patienten met chronische nierschade in een vroeg stadium op te sporen, 
want hoe eerder je het proces van achteruitgang in nierfunctie tot stilstand kan brengen, 
des te langer de noodzaak tot nierfunctie vervangende behandeling kan warden voor­
komen (zie figuur 1). Daarom is voorgesteld om de algemene bevolking te screenen op 
chronische nierschade, zodat patienten in een vroege fase van de aandoening opgespoord 
kunnen warden. 
Niet alle patienten met chronische nierschade zullen als gevolg van hun ziekte te 
maken krijgen met gezondheidsproblemen, zoals verdere achteruitgang in nierfunctie, 
hart- en vaatziekte en vroegtijdige sterfte. Met screening willen we juist die groep 
patienten opsporen, die wel een verhoogd risico heeft op deze gezondheidsproblemen,  
omdat zij de groep patienten zijn die baat kunnen hebben bij vroegtijdige opsporing en 
vroegtijdige behandeling. Oat impliceert tevens dat screenen alleen zinvol is, als deze 
patienten nog niet behandeld warden voor deze aandoeningen ten tijde van screening. 
Om die subgroep van chronische nierschade patienten te kunnen identificeren die 
inderdaad een verhoogd risico hebben op deze gezondheidsaandoeningen, was het 
eerste doel van de studies in dit proefschrift om markers te vinden die geassocieerd zijn 
met een verhoogd risico op achteruitgang van nierfunctie, hart- en vaatziekte en 
vroegtijdige sterfte. De volgende stap was om verschillende methoden van screenen op 
chronische nierschade met elkaar te vergelijken, waarbij het essentieel is dat de screenings­
methode die patientengroep opspoort, die in aanmerking komen voor behandeling. Naar 
aanleiding van de bevindingen in dit proefschrift zullen aan het eind van dit hoofdstuk 
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aanbevelingen voor toekomstig onderzoek word en gedaan. Het uiteindelijke doe I dat we 
voor ogen hebben is dat we de gezondheidsproblemen die geassocieerd zijn chronische 
nierschade willen voorkomen. 
Prote'i'nurie, oftewel het verlies van relatief grate hoeveelheden eiwitten via de urine, 
is een bekende sterke voorspeller voor nierfalen (hoofdstuk 1). Veel patienten met nier­
ziekten verliezen eerst kleine hoeveelheden eiwit in de urine (micro-albuminurie) voordat 
zij het stadium van prote'i'nurie bereiken. Daarom zou micro-albuminurie een vroegtijdige 
nierschade marker kunnen zijn waarmee patienten met een verhoogd risico op nierfunctie­
achteruitgang opgespoord kunnen warden. In hoofdstuk 2 wordt aangetoond dat een 
verhoogde urine albumine concentratie (albuminurie), gemeten in een eerste ochtend­
urine, geassocieerd is met een verhoogd risico op nierfalen in de algemene bevolking. Uit 
de studie bl eek dat bijna 60% van de patienten die nierfalen kregen, in een eerder stadium 
opgespoord had kunnen warden door meting van de concentratie albumine in de urine. 
Ongeveer de helft van deze patienten was niet bekend met of niet behandeld voor de 
chronische nierschade die zij ten tijde van de screening op urine albumine. Er was een 
duidelijk verband tussen de urine albumine concentratie en de snelheid van nierfunctie 
achteruitgang, waarbij patienten met macro-albuminurie (>300 mg albumine verlies per 
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dag) gemiddeld 4 x zo snelle achteruitgang in nierfunctie per jaar hadden als patienten 
met een normale hoeveelheid albumine in de urine (< 30 mg/dag). In deze studie werd 
gevonden dat als je alleen patienten zou screenen waarvan uit literatuur bekend is dat zij 
een verhoogd risico op chronische nierschade hebben ,  namelijk patienten met hoge 
bloeddruk , suikerziekte, een voorgeschiedenis van hart- en vaatziekten en ouderen ,  je 
45% van de mensen met verhoogde uitscheiding van albumine in de urine zou missen. 
Deze mensen hebben echter wel een verhoogde kans op progressieve nierfunctieachter­
uitgang. Concluderend, in hoofdstuk 2 is aangetoond dat verhoogde uitscheiding van 
albumine in de urine geassocieerd is met een verhoogde kans op nierfunctieachteruit­
gang, zowel bij patienten met als zonder risicofactoren voor chronische nierschade. 
De resultaten die gepresenteerd zijn in hoofdstuk 2 roepen ook discussie op. Ten 
eerste, ongeveer 40% van de mensen die uiteindelijk nierfalen ontwikkelden, zijn gemist 
met screening op urine albumine, omdat zij geen verhoogde hoeveelheid albumine in de 
urine hadden ten tijde van de screening. Een deel van deze mensen heeft nierfalen 
ontwikkeld door een aandoening die niet voor preventie in aanmerking komt, zoals 
bijvoorbeeld acuut nierfalen als gevolg van bloedvergiftiging. Daarnaast betrof dit 
onderzoek slechts een eenmalige screening en zou vaker screenen mogelijk het aantal 
mensen dat opgespoord kan warden voorafgaand aan het optreden van nierfalen doet 
toenemen .  Een tweede discussiepunt is dat de huidige studie niet heeft onderzocht of 
het meten van de geschatte nierfunctie (deze wordt berekend door een vergelijking 
waarin leeftijd, geslacht, ras en de bloedwaarde van kreatinine ingevoerd moeten word en) 
ook bruikbaar is als screeningstest voor een verhoogd risico op nierfunctieachteruitgang. 
Dit is niet gedaan omdat eerdere studies hebben aangetoond dat verminderde nierfunctie 
zonder albuminurie slechts een licht verhoogd risico op nierfalen geeft. Bovendien is het 
voor het berekenen van de geschatte nierfunctie nodig om bloed af te nemen, wat een 
meer bewerkelijke, ingrijpende en duurdere methode is dan het verzamelen van een 
portie urine en daardoor minder geschikt als screeningstest. Echter, omdat de geschatte 
nierfunctie de belangrijkste uitkomstmaat is wanneer we kijken naar achteruitgang in 
nierfunctie, is onderzoek dat de voorspellende waarde van screening op geschatte 
nierfunctie en albuminurie vergelijkt wel belangrijk. Tenslotte, om kosten- baten analyses 
te kunnen doen van screening ter preventie van nierfunctieachteruitgang en nierfalen ,  is 
het van belang de effectiviteit van behandeling van patienten die zijn ge·i'dentificeerd 
door een dergelijke screening vast te stellen.  
Omdat in de klinische praktijk de geschatte nierfunctie vaker gemeten wordt om 
chronische nierschade aan te tonen dan albuminurie, is er veel interesse in de relatie 
tussen geschatte nierfunctie en het ontstaan van ernstige gezondheidsaandoeningen. 
De resultaten uit verschillende onderzoeken op dit gebied spreken elkaar tegen , met 
name wanneer er sprake is van een verminderde geschatte nierfunctie zonder andere 
tekenen van nierschade, en bij ouderen. Een mogelijke oorzaak voor deze tegenstrijdige 
resultaten is dat de wereldwijd meest gebruikte vergelijking om de nierfunctie te schatten, 
1 95 
Samenvatting,  d iscussie en toekomstperspectief 
namelijk de MORD vergelijking, bewezen minder betrouwbaar is in de algemene bevolking. 
In deze vergelijking dienen leeftijd, geslacht, ras en de bloedwaarde van kreatinine van de 
patient waarvoor de nierfunctie geschat wordt, ingevuld te worden. De hoeveelheid 
kreatinine in het bloed is niet alleen afhankelijk van nierfunctie, maar ook van spiermassa. 
Hierdoor verschilt de bloedwaarde kreatinine onder andere per leeftijdsgroep en tussen 
mannen en vrouwen, aangezien ouderen en vrouwen minder spiermassa hebben. In 
hoofdstuk 3 warden 4 verschillende vergelijkingen om nierfunctie te schatten vergeleken 
ten aanzien van hun associatie met hart- en vaatziekten. De studie is uitgevoerd in een 
cohort uit de algemene bevolking, onderverdeeld naar leeftijd (jonger of ouder dan 60 
jaar). Twee vergelijkingen gebruiken serum kreatinine, namelijk de MORD vergelijking, die 
wereldwijd in laboratoria als standaard wordt gebruikt, en de CKD-EPI vergelijking, die 
meer recent is geformuleerd en waarvan wordt gezegd dat het een betere schatting 
geeft van de nierfunctie dan de MORD vergelijking, met name bij hogere nierfunctie 
waarden. De twee andere vergelijkingen zijn gebaseerd op de stof cystatine C dat in het 
bloed gemeten kan warden. Cystatine C wordt gemaakt door alle cellen in het lichaam en 
zou een meer betrouwbare schatting geven van nierfunctie omdat het minder afhankelijk 
is van patientkarakteristieken. Daarnaast werd 24 uurs kreatinine klaring gemeten, een 
methode waarbij zowel het kreatinine in het bloed als in de urine gemeten wordt, 
waardoor een schatting gemaakt kan warden van de nierfunctie op basis van de 
hoeveelheid uitgescheiden kreatinine. Het bl eek dat in de algemene bevolking nierfunctie 
geschat op basis van vergelijkingen met de bloedwaarde kreatinine niet significant 
geassocieerd zijn met hart- en vaatziekten. Echter, nierfunctie geschat met vergelijkingen 
op basis van serum cystatine C en nierfunctie geschat door 24-uurs kreatinine klaring, 
waren wel significant geassocieerd met hart- en vaatziekten. Daarnaast bleek dat de 
gevonden verbanden leeftijdsafhankelijk waren: Bij jongeren was er een sterk verband 
tussen geschatte nierfunctie en het later optreden van hart- en vaatziekten, bij ouderen 
was deze relatie er niet of in veel mindere mate. Tenslotte werd gevonden dat verhoogde 
albuminurie een risicomarker is die geassocieerd is met later optreden van hart- en 
vaatziekten, onafhankelijk van hoe goed de nierfunctie is en onafhankelijk van leeftijd. 
Geconcludeerd kan warden dat: De associatie tussen nierfunctie en hart- en vaatziekten 
aanwezig is, echter deze associatie is zwakker bij ouderen dan bij jongeren. Hoewel het 
relatieve risico op hart- en vaatziekten onder mensen met een verminderde nierfunctie 
daarmee lager is voor ouderen dan voor jongeren, is het belangrijk te beseffen dat het 
absolute risico hoger is onder ouderen. Deze resultaten benadrukken het belang van 
albuminurie als risicomarker voor hart- en vaatziekten, aangezien deze marker onafhankelijk 
is van leeftijd of nierfunctie. De onderzoeksresultaten laten zien dat 24-uurs kreatinine 
klaring een meer betrouwbare manier is om nierfunctie te schatten met betrekking tot de 
risicobepaling op hart- en vaatziekten. In de praktijk lijkt de bewerkelijke procedure van 
24-uurs urine verzamelen echter niet haalbaar voor screeningsdoeleinden, daarom zullen 
de besproken vergelijkingen om de nierfunctie te schatten wijd verbreid in gebruik 
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blijven. Het is daarom van belang dat we ons realiseren dat de huidige vergelijkingen om 
nierfunctie te schatten minder betrouwbare voorspellers van risico op hart- en vaatziekten 
zijn en dat meer onderzoek nodig is om een meer betrouwbare schatting van nierfunctie 
te vinden voor ouderen. 
Vanwege de conflicterende resultaten in de literatuur over hetwel of niet geassocieerd 
zijn van chronische nierschade met gezondheidsaandoeningen, staat de betrouwbaar­
heid van de huidige definitie van chronische nierschade ter discussie. Dit debat heeft 
ertoe geleid dat een discussiebijeenkomst werd georganiseerd door KDIGO (Kidney 
Disease Improving Global Outcome), een non-profit organisatie die tot doel heeft de zorg 
voor en de prognose van mensen met nierziekten te bevorderen. Deze bijeenkomst waar 
diverse experts uit het veld voor uitgenodigd waren, had als doel om de controversies 
met betrekking tot de definitie van chronische nierschade en eventuele mogelijkheden 
om deze te verbeteren te bespreken. Tijdens deze bijeenkomst zijn data van een groep 
samenwerkende onderzoekers, namelijk het Chronische Nierschade Prognose Consortium, 
gepresenteerd. Het doe I van dit consortium was om data te verzamelen over de prognose 
voor verschillende stadia van chronische nierschade, wat de basis zou vormen voor een 
nieuwe, op prognose gebaseerde definitie van chronische nierschade. Om voldoende 
overtuigende data te kunnen leveren, zijn vier grate studies uitgevoerd, waarin de 
uitkomsten van eerdere studies samengenomen zijn, een zogenoemde meta-analyse. 
Deze meta-analyses bevatten gegevens van meer dan 1 miljoen deelnemers aan cohort 
studies van over de hele wereld. Gegevens van deze studies zijn geanalyseerd om de 
associatie met gezondheidsaandoeningen te bestuderen voor geschatte nierfunctie en 
albuminurie onafhankelijk van elkaar en geschatte nierfunctie en albuminurie gecombineerd. 
De gezondheidsaandoeningen die bestudeerd zijn, zijn totale mortaliteit, cardiovasculaire 
mortaliteit, nierfalen, acuut nierfalen en progressieve chronische nierschade. Deze ge­
zondheidsuitkomsten zijn bestudeerd in de algemene bevolking, in hoog-risico groepen 
en onder patienten met reeds bestaande chronische nierschade. 
De meta-analyses hebben aangetoond dat een verminderde nierfunctie (geschatte 
nierfunctie < 60 ml/min= chronische nierschade stadium 3 of hoger) een verhoogd risico 
geeft op vroegtijdige sterfte in de algemene bevolking en onder hoog-risico groepen. 
Het blijkt dat het risico op sterfte met name toeneemt als de nierfunctie verminderd is 
tot onder 45 ml/min, oftewel, als de patienten in de slechtere helft van stadium 3 
chronische nierschade terecht komen. Daarnaast bleek een verhoogd urine albumine 
ook geassocieerd te zijn met een verhoogd risico op vroegtijdige sterfte, al vanaf een 
concentratie albumine in de urine die als hoog normaal beschouwd kan warden 
(hoofdstuk 4). Het relatieve risico om te overlijden, na correctie voor and ere risicofactoren 
voor hart- en vaatziekten, is tenminste 1,5 keer zo hoog als voor personen met een 
normale nierfunctie en normale urine albumine concentratie. Vergeleken met de 
algemene bevolking bleek dat in de hoog-risico groepen (dit zijn personen bekend met 
een of meerdere van de volgende risicofactoren: hart- en vaatziekten in de voorgeschiedenis, 
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suikerziekte, hoge bloeddruk, te hoog cholesterolgeha lte of ha rt- en vaatziekten in de 
fami l ie) het relatieve risico voor vroegtijdige sterfte bij verm inderde n ierfunctie of 
verhoogd u rine a lbumine wat lager te zijn dan in de algemene bevolking. Hoewel deze 
meta-ana lysen tekortkomingen hebben d ie besproken zijn in hoofdstuk 4, vormen de 
resultaten van d it onderzoek de g rootste bewijslast d ie tot nu  toe beschikbaar is dat een 
verm inderde n ierfunctie en een hoge ur ine a lbumine concentratie geassocieerd zijn met 
een verhoogd risico op ernstige gezondheidsaandoeningen. Deze data zijn beschikbaar 
gesteld aan de 'KDIGO CKD classificatie werkgroep' om het mogel ij k  te ma ken een n ieuw, 
op prognose gebaseerd, classificatiesysteem voor chron ische nierschade te maken. 
Tijdens de 'ch ron ische n ierschade classificatie controversies bijeenkomst (Landen 2009)' 
werden de resultaten besproken met experts op het gebied van chronische n ierschade. 
Zij concludeerden dat op basis van deze gegevens een aantal wijzig ingen ten opzichte 
van het huidige classificatiesysteem doorgevoerd moeten warden .  Zij suggereerden aan 
de werkgroep dat de u rine a lbumine concentratie toegevoegd moet warden aan het 
huidige classificatiesysteem. Daarnaast moet het huid ige stad ium 3 chronische n ierschade 
(nierfunctie van 30 tot 60 ml/min/1 .73m2) gespl itst warden in  twee stad ia, vanwege de 
grate risicoverschi l len b innen d it ene stadium. lnmiddels zijn de n ieuwe richtlijnen voor 
de definitie en classificatie van chron ische n ierschade gepubl iceerd en zijn de genoemde 
aanbeve l ingen i nderdaad overgenomen. 
De voorgaande stud ies hebben overtuigend aangetoond dat verhoogde u rine 
a lbumine waarden geassocieerd zijn met een verhoogd risico op ernstige gezondheid s­
aandoeningen, waar onder vroegtijd ig overl ijden en n ierfa len .  Een andere bekende 
ris icofactor voor vroegtijd ige sterfte en nierfa len is het meta boo I syndroom. Het meta boo I 
syndroom is een syndroom dat gekenmerkt wordt door patientkarakteristieken, waar in 
centra le obesitas, oftewel het hebben van overtol l ig bui kvet, een centraal kenmerk is .  
Naast centra le obesitas moeten er tenm inste twee andere meta bole afwijk ingen aanwezig 
zijn .  Toen de criteria voor d it syndroom gedefinieerd werden, is voorgesteld dat 
a lbuminurie ook een van de aandoeningen zou moeten zijn d ie onderdeel u itmaken van 
het metabool syndroom. lmmers, a lbuminurie kenmerkt chron ische ontsteking en 
beschadiging van de vaatwand, wat tevens geldt voor de andere metabole afwijk ingen 
die onderdeel zijn van het metabool syndroom.  Een andere bekende marker voor 
chronische ontsteking en beschad ig ing van de vaatwand is C RP(=c-reactive protein), een 
eiwit dat gemaakt wordt i n  de lever en  vrijkomt bij ontstekingsprocessen in het l ichaam .  
Hoewel u ite indel ij k  i s  besloten a lbuminurie en  CRP  niet toe t e  voegen a ls onderdeel van 
het metabool syndroom, bestaat daar nog a ltijd discussie over. Daa rom werd in hoofdstuk 
5 onderzocht of a lbuminurie en CRP iets zouden toevoegen a ls extra criterium voor het 
metabool syndroom, met name om de uitkomst van de patient met metabool syndroom 
beter te kunnen voorspel len. Uit het onderzoek bleek dat a lbum inu rie een sign ificante en 
onafhanke l ijke voorspel ler was voor het ontstaan van ha rt- en vaatziekten, su i kerziekte en 
chronische n ierschade bij patienten met metabool syndroom.  Het onderzoek toonde aan 
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dat hoe meer criteria voor metabool syndroom van toepassing waren, hoe hoger de kans 
op deze gezondheidsaandoeningen. Het bleek bovendien dat de andere criteria voor 
metabool syndroom (omtrek van middel, bloeddruk, nuchtere bloedsuikerwaarden, 
triglyceriden en HDL) niet allemaal voorspellers waren voor deze gezondheidsaandoenin­
gen, terwijl albuminurie dit wel was. CRP bleek geassocieerd te zijn met een verhoogd 
risico op het ontstaan van hart- en vaatziekten en chronische nierschade, maar niet op het 
ontstaan van suikerziekte. Deze data suggereren dat het toevoegen van albuminurie aan 
de huidige definitie van metabool syndroom zal resulteren in een betere voorspelling 
voor het ontstaan van ernstige gezondheidsaandoeningen die geassocieerd zijn met 
metabool syndroom. Daarom moet overwogen warden albuminurie toe te voegen als 
een van de criteria van het metabool syndroom. 
De eerder beschreven resultaten versterken het idee dat chronische nierschade, 
gemeten door een lage geschatte nierfunctie of de aanwezigheid van toegenomen 
hoeveelheden albuminurie, geassocieerd is met een verhoogd risico op ernstige gezond­
heidsaandoeningen. Om deze gezondheidsaandoeningen te voorkomen of het ontstaan 
ervan te vertragen, heeft de 'International Society of Nephrology' opgeroepen tot actie 
door middel van het opzetten van screeningsprogramma's om chronische nierschade op 
te sporen. In hoofdstuk 6 is een overzicht gegeven van de verschillende screenings 
programma's in Europa tot 2008, met daarbij de voor- en nadelen van de verschillende 
benaderingen van screening die zijn gekozen. Opmerkelijk genoeg hadden de 
verschillende screeningprogramma's die op dat moment lopende waren, zich nog niet 
gehouden aan de door KDOQI vastgestelde definitie van chronische nierschade en 
daarom verschillen hun criteria voor het vaststellen van chronische nierschade. Deze 
bevinding benadrukt dat er een algemeen geaccepteerde definitie moet zijn voor de 
ziekte die je probeert op te sporen met screening, zoals reeds in 1968 werd beschreven 
door Wilson en Jungner in 1968, de grondleggers van de wetenschappelijk benadering 
van screening. Hoewel de KDOQI definitie van chronische nierschade algemeen aanvaard 
was, is in hoofdstuk 4 van dit proefschrift uitgelegd dat er nog steeds veel discussie 
bestaat over deze definitie. Er is een werkgroep ge'i'nstalleerd door KDIGO die een nieuwe 
definitie van chronische nierschade heeft ontwikkeld, welke recent gepubliceerd is. Het is 
de verwachting dat deze definitie geaccepteerd zal warden als de nieuwe, wereldwijd 
geldende definitie van chronische nierschade. 
In het algemeen zijn er drie screeningsmethoden om chronische nierschade op te 
sporen gedefinieerd in de literatuur. Allen zijn gebaseerd op het identificeren van 
personen die een verhoogd risico hebben op chronische nierschade. De eerste methode 
is selectie gebaseerd op de (medische) voorgeschiedenis van een persoon, bijvoorbeeld 
mensen die bekend zijn met hoge bloeddruk, suikerziekte, hart- en vaatziekten en 
mensen van oudere leeftijd. Deze mensen warden opgespoord door een huisarts of door 
middel van een vragenlijst en vervolgens uitgenodigd voor screening om chronische 
nierschade vast te stellen. Een tweede manier om mensen te selecteren is door in een 
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laboratoriumdatabase vast te stellen we Ike men sen ooit een geschatte nierfunctie minder 
dan 60 ml/min/1.73m2 hadden en hen uit te nodigen voor verder onderzoek. De derde 
methode is gebaseerd op pre-screening van de algemene bevolking op het vaststellen 
van verhoogde aanwezigheid van albumine in de urine. De mensen met een verhoogd 
niveau van urine albumine warden uitgenodigd voor uitgebreidere screening. 
Het voordeel van de eerste methode, namelijk het screenen van patienten met een 
hoog risicoprofiel, is dat chronische nierschade vaker zal voorkomen in deze risicogroep 
dan in de gehele bevolking. Deze methode is daarom efficienter en meer waarschijnlijk 
kosteneffectief dan screenen van de gehele bevolking. Nadeel is dat je personen die 
chronische nierschade hebben door een andere oorzaak dan hoge bloeddruk , suikerziekte 
en vaatproblemen, niet zal opsporen. In Nederland betreft dit nag altijd meer dan de helft 
van het aantal patienten met chronische nierschade. Bovendien, veel van deze hoog-risico 
patienten krijgen al behandeling voor hoge bloeddruk en eventuele albuminurie, wat in 
principe oak de hoeksteen van de behandeling is voor mensen met chronische 
nierschade. Daarom zal het opsporen van deze patienten met chronische nierschade 
veelal niet wezenlijk hun behandeling doen veranderen. Omdat screenen geen aanleiding 
geeft tot verandering in behandeling en daarmee verbetering van hun prognose, is er 
voor deze groep geen meerwaarde van screening. Bovendien, in sommige landen zal 
deze risicopopulatie, wanneer je ouderen daarin meeneemt, meer dan de helft van de 
algemene populatie bevatten. Oat betekent dat het voordeel van gericht screenen ten 
behoeve van efficientie, nauwelijks nog op gaat. 
De voordelen van de tweede screeningsmethode, namelijk het opsporen van 
personen met een bekende lage geschatte nierfunctie in laboratoriumdatabases, is dat 
alleen een klein gedeelte (<5%) van de gehele bevolking gescreend hoeft te warden. 
Echter, nadeel hiervan is dat de reden voor het meten van de geschatte nierfunctie niet 
bekend is, terwijl aangenomen mag warden dat er duidelijke reden is voor het aanvragen 
van deze laboratoriumwaarde. Op deze manier ontstaat een vertekend beeld van de 
bevolking, terwijl niet bekend is hoe groat het effect van die vertekening is. Daarnaast 
spoor je met deze methode alleen mensen op die al tenminste stadium 3 chronische 
nierschade hebben (namelijke een gaschatte nierfunctie <60 ml/min), waarmee je de 
mogelijkheid mist om mensen in een eerder stadium van chronische nierschade op te 
sporen. 
Het voordeel van de derde screeningsmethode, namelijk pre-screening door middel 
van het bepalen van urine albumine concentratie, is dat uitgebreide screening gelimiteerd 
kan warden tot een klein deel van de algemene populatie (ca 7%) en dat personen 
opgespoord warden op een risicofactor die uiteindelijk ook daadwerkelijk behandeld 
wordt. De nadelen zijn dat wel de gehele bevolking urine in moet leveren en dat met deze 
methode patienten met een verminderde nierfunctie zonder albuminurie, niet 
opgespoord warden. Personen met lage geschatte nierfunctie en lage urine albumine 
concentraties zijn echter in de minderheid onder patienten met chronische nierschade en 
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bovendien suggereren de gegevens uit de eerder genoemde meta-analyse dat deze 
mensen een relatief goede prognose hebben. 
In hoofdstuk 6 wordt benadrukt dat wat een screeningsprogramma oplevert niet 
alleen beoordeeld moeten warden op het voorkomen van eindstadium nierfalen, maar 
ook preventie van hart- en vaatziekten en vroegtijdige sterfte. Omdat pre-screening op 
albuminurie personen opspoort die zowel een verhoogd risico op achteruitgang van 
nierfunctie hebben, als een verhoogd risico op hart- en vaatziekten en omdat bovendien 
de meerderheid van de personen die met deze methode opgespoord warden 
behandelbaar zijn, lijkt screening door middel van het opsporen van albuminurie de 
meest belovende methode. 
In hoofdstuk 7 werden twee van de bovengenoemde screeningsmethoden bestudeerd. 
Deze methoden bestaan uit vier manieren om personen te selecteren voor uitgebreidere 
screening: 1. Selectie van personen bekend met hoge bloeddruk, suikerziekte of hart- en 
vaatziekte, 2. Selectie van personen die voldoen aan criteria gesteld bij 1 en/of ouder dan 
55 jaar, 3. Selectie van personen met een urine albumine concentratie van ;;:::20mg/ l 
(=micro-albuminurie), 4. Selectie van personen met een urine albumine concentratie van 
;;:::10 mg/L (=hoog normale albuminurie). De gegevens die zijn gebruikt waren afkomstig 
van een onderzoekspopulatie die representatief is voor de algemene bevolking. Het bl eek 
dat voor methode 2 het hoogste percentage van de gehele bevolking gescreend moest 
warden, namelijk 33%. Deze methode bl eek ook het meest sensitief te zijn om chronische 
nierschade vast te stellen (65%), dat wil zeggen dat deze methode 65% van de mensen die 
ziek zijn ook daadwerkelijk opspoort. De derde methode resulteerde in het laagste 
'number needed to screen', oftewel het laagste aantal mensen dat nodig is om te screenen 
om een persoon met de ziekte op te sporen. Hoewel de sensitiviteit voor het opsporen 
van chronische nierschade lager was bij de pre-screening op urine albumine concentratie 
methoden, bleek tijdens follow-up dat de patienten met chronische nierschade die niet 
opgespoord waren met deze methoden, geen toegenomen risico hadden op nierfuctie­
achteruitgang of hart- en vaatziekten vergeleken met de populatie zonder chronische 
nierschade. Dit staat in contrast met de methode 1 en 2, waarbij bleek dat personen die 
niet werden opgespoord met deze method en we/ een verhoogd risico op nierfunctieach­
teruitgang en hart- en vaatziekten hadden. Daarnaast bleek dat slechts 17% en 57% van 
de mensen die opgespoord werden met methode 1 en 2 respectievelijk in aanmerking 
komen voor behandeling, terwijl van de personen die gedetecteerd werden met 
methoden 3 en 4 tenminste 70% in aanmerking kwam voor behandeling. Daarom 
verdient pre-screening op urine albumine concentratie de voorkeur ten opzichte van de 
andere onderzochte screeningsmethoden. 
Al met al is in dit proefschrift bewijs geleverd dat er een associatie is tussen chronische 
nierschade en ernstige gezondheidsaandoeningen, zoals hart- en vaatziekten, vroegtijdige 
sterfte en nierfalen. Bovendien zijn de resultaten uit dit proefschrift gebruikt om een nieuw, 
prognose gebaseerd stadieringssysteem voor chronische nierschade te ondersteunen. 
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Verschillende methoden voor screening om chronische nierschade op te sporen zijn 
besproken en onderzocht, waaruit blijkt dat screenen op urine albumine concentratie de 
meest veelbelovende screeningsmethode is. 
Richting geven aan de toekomst 
Het is belangrijk om, alvorens aanbevelingen te doen voor toekomstig onderzoek, de 
kennis die reeds beschikbaar is te evalueren. In dat opzicht blijkt dat 'Principles and 
practices of screening voor disease', dat in 1968 werd gepubliceerd door Wilson en 
Jungner, nog steeds gebruikt kan warden als richtlijn om te bepalen welke kennis nodig 
is voordat screening voor chronische nierschade ge·i'mplementeerd kan warden. Hoewel 
screening voor chronische nierschade aan de meesten van deze criteria voldoet, is het 
belangrijk te realiseren dat aan sommige criteria nag niet is voldaan. Dit zijn mogelijke 
onderwerpen voor toekomstig onderzoek. Het eerste belangrijke criterium waar nag niet 
aan voldaan is, is het kennen van het natuurlijk beloop van de ziekte. lmmers, de definitie 
van chronische nierschade is pas ge'i'ntroduceerd in 2002. De recente resultaten van de 
meta-analyses van het 'chronische nierschade prognose consortium' bevatten belangrijke 
gegevens over de prognose die geassocieerd is met chronische nierschade, in een tijdperk 
dat chronische nierschade nag geen algemeen geaccepteerd ziektebeeld was en er nag 
geen gestandaardiseerde behandeling voor was. Echter het natuurlijke beloop van de 
ziekte, namelijk het beloop wanneer er geen enkele behandeling wordt ingesteld, is niet 
bekend. Omdat het onethisch is om het natuurlijke beloop van deze ziekte te observeren, 
gegeven de kennis die we nu hebben over de ernstige gezondheidsaandoeningen die 
geassocieerd zijn met chronische nierschade, zal dit geen onderwerp zijn van toekomstig 
onderzoek. 
Aan de criteria 'er moet een gestandaardiseerde test of onderzoek zijn om de ziekte 
vast te stellen' en 'er moet overeenstemming zijn over wie er behandeld moeten warden' 
is op dit moment nog niet voldaan, in de eerste plaats omdat er nog discussie is over de 
definitie van chronische nierschade en daarmee ook hoe deze ziekte vast te stellen is en 
hoe deze behandeld moet warden. Een deel van het werk in dit proefschrift heeft geleid 
tot het initiatief om een nieuwe definitie en stadiering van chronische nierschade te 
ontwikkelen. Deze stadiering is gebaseerd op de patientprognose die geassocieerd is met 
de verschillende stadia van chronische nierschade. lnmiddels is deze nieuwe definitie 
gepubliceerd en de verwachting is dat deze definitie a lgemeen aanvaard zal warden. Een 
belangrijk onderwerp van discussie is dat de huidige stadiering van chronische nierschade 
is gebaseerd op nierfunctie geschat door de MORD vergelijking, waarvan bewezen is dat 
deze tekortkomingen heeft bij het schatten van nierfunctie in de algemene bevolking. 
Omdat gouden standaard metingen van nierfunctie duur en invasief zijn en daarom niet 
geschikt voor screeningsdoeleinden, is het van belang om vast te stellen wat de meest 
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brui kbare en betrouwbare methode is om de nierfunctie te schatten. Recent onderzoek 
heeft aangetoond dat de CKD-EPI vergel ijking superieur is aan de MORD vergel ijk ing i n  
het schatten van de nierfunctie in de normale reg ionen van nierfu nctie en in  het schatten 
van het risico o p  gezondheidsaandoeningen geassocieerd met chronische n ierschade. 
Daarom bevelen de n ieuwe richt l ijnen het gebruik van de CKD-EPI vergel ijk ing aan, i n  
p laats van  de MORD vergel ijk ing. I n  de n ieuwe definitie van  chronische nierschade zal 
a lbuminurie een prominentere rol krijgen, echter over de manier waa rop a lbuminurie het 
beste gemeten kan warden bestaat nog geen overeenstemming.  Desa l n iettemin is het 
aangetoond dat voor risico inschatt ing de eenvoudigere methoden om a lbuminu rie te 
meten, zoa ls het vastste l len van de a lbumine concentratie in een u rine portie of het 
meten van prote·1nurie met een d ipstick, vergel ij kbaar is met de gouden standaard 
methode, namel ijk a lbumine meten in 24-uurs u rine. Daarom is standaard isatie van het 
meten van ur ine a l bumine minder belangrij ken bevel en de n ieuwe richtl ijnen eenvoud iger 
methoden voor het meten van u rine a lbumine concentratie aan .  
Nu er consensus bereikt is over het d iagnosticeren van chronische nierschade, i s  het 
belangrijk om daarna consensus te bereiken over welke patienten behandeld m oeten 
warden en op welke manier. Er zijn nog geen onderzoeksgegevens beschikbaar over de 
resultaten van behandel ing van patienten bij wie chronische n ierschade is vastgeste ld 
tijdens screening.  Gerandomiseerde interventie studies zijn nodig om de versch i l lende 
behandelmogel ijkheden te vergelijken in  deze specifieke groep patienten, d ie  i s  opgespoord 
door screening. Deze studies zijn ook nodig om kosten-effectiviteit analyses moge l ij k  te 
maken van de verschi l lende screeningsmethoden en de bijbehorende interventies. Er zijn 
reeds studies verricht d ie veelbelovende resu ltaten hebben laten zien met betrekking tot 
kosteneffectiviteit van pre-screening op urine a l bumine concentratie om ha rt- en 
vaatziekten te voorkomen. Deze stud ies g ingen echter u it van eenma lige screening.  
Omdat screening voor chron ische nierschade een continu proces zou moeten zijn ,  is het 
belangrijk om meer kennis te verwerven over serie le  screening en de optima le tijdsinterva l 
tussen screeningsrondes. Met betrekking tot screening op u rine a lbumine concentratie is 
het bovendien interessant om de eenvoudigere en goedkopere meetmethoden, zoa ls 
d ipstick meting, te onderzoeken op hun brui kbaarheid voor screening. 
Studies weergegeven in dit proefschrih hebben aangetoond dat chronische nierschade 
geassocieerd is met ernstige gezondheidsschade en vroegtijd ige sterfte. Screening om 
chronische n ierschade vroegtijdig op te sporen l ij kt een vee lbelovend middel om deze 
gevolgen van chronische n ierschade te voorkomen. Daarom dient dit proefschrift gezien 
te warden als een stimu lus  om de mogel ij kheden voor screenen op chronische nierschade 









En dan nu het meest gelezen onderdeel van het boekje, het dankwoard .  In 201 0 ben ik  a l  
begonnen met het schrijven ervan, so  i t  better be  good! E r  z ijn  vele mensen d ie op meer 
of minder intensieve wijze betrokken zijn geweest bij de totstandkoming van dit 
proefschrift. Graag wil ik  hen bedanken voor hun bijd rage en wat zij voar m ij betekend 
hebben. 
Beste prof. d r. P.E. de Jong, beste Paul, ge lukkig voar m ij b l ijft het ius promovendu m  nog 
enige tijd behouden na het pensioneren. Dankjewel voor a l les wat je voar me betekent 
hebt: je kritische b l i k, je gave om data op een andere manier te bekij ken dan hoe ze 
gepresenteerd warden, je aanstekel ijk  enthousiasme a l s  er weer een nieuw project op 
tafel kwam en tens lotte voara l  ook je wijze levenslessen. Meer dan eens was ik  e igenwijs 
en dacht ik het ze lf beter te weten, vaak kreeg jij gel ijk  . . .  lk wens jou & Lol kje nog heel  veel 
gezonde en ge lukkige jaren toe om te genieten van ju l l ie  welverd iende vrije tijd.  
Beste d r. R.T. Gansevoart, beste Ron, a l lereerst wi l  ik je bedanken voor de duwtjes in  de  rug 
die zo nu en dan nodig waren om uiteindel ijk tot d it resu ltaat te komen. Van jou heb i k  
tijdens het u itvoeren van het  onderzoek geleerd om bij a l les wat ik deed het e inddoel 
voar ogen te houden. Je houdt ervan a ls zaken kart, he I der en overzichtelijk weergegeven 
warden en je hebt zo je eigen tra in ingsmethode om d it te bewerkste l l igen: a l les wat 
besproken moest warden mocht een sigaret lang duren. Naast inhoudel ijke d iscussies 
hebben we ook veel plezier gehad tijdens 'the after hours': jij weet je cardiovascula i re 
risico goed te reduceren op de dansvloer! 
Beste prof. d r. C.A.J .M. Gai l lard, beste Carlo, hoe bijzonder is het dat jij niet a I leen als m ijn 
voormal ig opleider interne geneeskunde, maar  nu ook a l s  het nieuwe afdel ingshoofd van 
de afdel ing nefrologie in het UMCG, je bijdrage hebt geleverd aan deze promotie. l k  wi l  je 
bedanken voar het vertrouwen dat je me hebt gegeven en voar a l ies wat ik van je ge leerd 
hebt. lk weet zeker dat de nefrologie afdel ing in het UMCG een heel inspirerende 
hoog leraar  erbij heeft en dat de afdel ing opnieuw za l floreren onder jouw bewind .  
Beste prof. d r. J .F.M. Wetzels en prof. d r. U. Bu ltmann, i k  wi l u ha rtelijk bedanken voar het 
plaatsnemen in  de leescommissie. 
Beste dr. S.J.L. Bakker, beste Stephan, bedankt voor de tijd en aandacht die je hebt 
gestoken in vele PREVEND studies. Het was heel p rettig samenwerken met iemand met 
zo'n grate g l imlach op zijn gezicht. 
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Dear Joe Coresh, Andrew Levey, Brad Astor and Kuni Matsushita, it has been such a 
wonderful experience to work together on the Chronic Kidney Disease Consortium meta­
analyses. All of you are such pleasant and inspiring persons, it has been a privilege to work 
with you. Thank you for allowing me to be part of the team. 
Tijdens mijn studie ben ik voor het eerst in aanraking gekomen met wetenschappelijk 
onderzoek op het terrein van de nefrologie. Deze hele positieve ervaring was de reden 
om verder te willen gaan met het huidige onderzoek. Graag wil ik mijn begeleiders van 
destijds hiervoor hartelijk bedanken: prof. dr. C.H. Gips, prof. dr. W.J. van Son, prof. dr. R.A. 
Krom, dr. T.S. Larson en dr. F.G. Cosio. 
Graag wil ik de deelnemers van de PREVEND studie bedanken voor hun belangeloze inzet 
voor het onderzoek, zonder hen was dit onderzoek niet mogelijk geweest. 
Beste collegae van het trial coordination center en de afdeling epidemiologie, prof. dr. R.P. 
Stalk, dr. D.F. Janssen, prof.cir. J.L. Hil lege, Marco Assman, Otto van der Velde, Rob Bierenga; 
hartelijk dank voor de ondersteuning die jullie hebben geboden om de PREVEND studies 
mogelijk te ma ken en jullie bijdragen om de data-analyse te verbeteren. 
Beste Winie, dankjewel voor a l ies dat je hebt gedaan en nog zoveel meer. Wat fijn dat je 
nog steeds voor het reilen en zeilen op de nefro-afdeling zorgt! 
Mijn col legae van PREVEND, wat had ik zonder jul l ie gemoeten? Dankjulliewel! Jacoline, 
ondanks jouw vertrek twee maanden na mijn start, gebruik ik nu nog steeds dingen die ik 
van jou geleerd heb, waarvoor veel dank! Nynke, jij was degene die mij heeft bijgestaan 
in mijn scholing tot epidemioloog, bedankt voor het zijn van mijn steun & toeverlaat. Niet 
alleen over statistiek, maar over vele andere onderwerpen konden we uren gezellig 
kletsen. Ferdau, mijn nieuwe roomie, wat heb ik gelachen met (en sorry, ook om) jou. 
Nooit had ik gedacht dat jij eerder zou promoveren dan ik, maar dat heb je mooi wel 
gedaan, chapeau! Esther, ji j was mijn grate voorbeeld van hoe je efficient kan werken en 
daardoor tijd over kan houden voor allerlei leuke dingen. En als er iets creatiefs geregeld 
moest warden konden we op je rekenen, de gekste ideeen zijn voorbij gekomen. Wendy, 
er had geen betere opvolger voor Esther kunnen zijn! Lieneke, wat een feestje toen jij erbij 
kwam op onze kamer. We hebben heel wat uurtjes zingend doorgebracht en veel 
gelachen met elkaar. Hanneke, het was zo gezellig dat we samen in Landen waren, wij als 
jonge meiden tussen alle wijze, grijze heren. En nu weer in hetzelfde schuitje, genieten 
van het moederschap! 
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De doktersassistentes van PREVEND hebben ook voor heel veel geze l l igheid en soms 
hi la riteit gezorgd.  Martha, j i j was er a ltijd, onze steun en toeverlaat. Anna, zonder jou zou 
het a l lemaal een stu k minder strak georganiseerd zijn .  Annie, met jouw kunst om te 
relativeren hield je de boel goed b ij elkaar. Ann et, bedankt voor de t ip van de ovenschotel 
die je de dag van tevoren maakt. Annemarie, je aanwezigheid was van korte duur  maar  de 
impact n iet minder groot. Lucia, jij hoorde eigenl ijk niet bij PREVEND, maar je fleurden wel 
onze werkplekken op met je creatieve u itspattingen en je gezel l ige aanwezigheid! 
Mijn col lega onderzoekers van de 'kidney a l ley', pathologie, fa rmacie en ca rd iologie: het is 
op onze afdel ing de gewoonte om in je dankwoord een lange lijst van namen te noemen 
van a l le collega's waa r  je mee gewerkt hebt. l k  vind zo'n lange l ijst met namen echter 
onpersoonl ijk en weinig toevoegen, ik denk dat de col lega's die ik graag wil bedanken zelf 
heel goed weten wie ik bedoel! Dus lieve col legae, bedankt voor a l  het meedenken, delen 
van data en statistiek kennis, delen van voorbeeld posters en presentaties en hulp bij het 
schrijven van artikelen. Maar misschien nog belangrijker dan het uitwisselen van informatie 
waren a l l e  gezel l ige momenten: de kopjes koffie samen, de geze l l igheid op de congressen, 
de barrels en promotiefeestjes, de sinterklaas- en kerstfeestjes. 
Mijn l ieve col lega's en vriendinnetjes Maartje en Solmaz wi l  i k  bedanken voor de vele 
goede gesprekken, sport- uurtjes en a l le  geze l l igheid in en rond het UMCG. 
Mijn opleiders in Amersfoort, dr .  R. Fijnheer, Rob, en in Deventer, dr .  C.G. Vermeij, Cees, ben ik 
veel dank verschu ldigd. Zij hebben mij gesteund in het veranderen van opleidingsziekenhuis, 
waardoor het voor mij veel makkelijker is geworden om mijn werk en privesituatie te 
combineren en ik weer ruimte had om dit proefschrift af te maken. lk waardeer ju l l ie  
flexibi l iteit en wi l  om oplossingen die buiten de geijkte paden l iggen mogel ij k  te maken, 
enorm. 
Mijn collegae AIOS en internisten uit het Meander Medisch Centrum en Deventer Ziekenhuis 
wil ik bedanken voor de samenwerking in een fantastisch team: in beiden ziekenhu izen 
heb ik steeds het gevoel gehad op m ijn col lega's terug te kunnen va l len voor medisch 
inhoudel ijke adviezen, geze l l ige koffiemomenten, het luchten van mijn hart en wan neer 
nodig een steuntje in de rug bij die zware laatste loodjes van dit proefschrift. 
Lieve vrienden en (schoon-)fami l ie, bedankt voor ju l l ie aanhoudende interesse in m ijn 
onderzoek en de ontwikke l i ngen van het proefschrift. De g rootste bijdrage d ie j u l l ie 
hebben geleverd aan dit proefschrift, is er voor te zorgen dat ik mezelf a ltijd weer kan 
opladen dankzij het warme bad dat ju l l ie vormen. lk heb genoten van a l le goede, moeilijke, 
vrol ijke, melanchol ische, gekke, heerlijke momenten die we samen hebben doorgebracht 
en i k  hoop dat we dat nog heel lang zu l len b l ijven doen! 
209 
Dankwoord 
Lieve Kim en Jacque l i ne, mijn pa ranimfen, wat fijn dat ju l l ie bij m ijn verdediging aan mijn 
zijde wi l len staan. De drie jaren die we gezamen l ijk in Groningen hebben gespendeerd en 
waarbij we heel  wat uurtjes samen hebben doorgebracht, gaan we nu ook ged rieen 
feestelijk afs lu iten.  We zijn ieder ons weegs gegaan, maar dat verandert n iets aan wat onze 
vriendschap omschrijft: het is goed zo a l s  het is. Nunc est bibendum!  
Lieve pap & mam, dank ju l l ie wel .  Voor a l le  steun die ju l l ie a ltijd onvoorwaardelijk gegeven 
hebben, voor het k lankbord dat j u l l ie vormden bij a l ler lei kwesties, voor de spiegel die 
ju l l ie me hebben voorgehouden a l s  dat nodig was en voor het gevoel dat ik nergens 
a l leen voor sta en a ltijd op ju l l ie terug kan va l len. Ju l l ie zijn fantastische ouders en de 
a l ler leukste pake & oma d ie er zijn .  l k  ben zo b l ij dat ju l l ie er zijn !  
Lieve Bou, het is zo ontzettend leuk om te z ien hoe jij op creatieve wijze en met lef je leven 
invult zoa ls je dat ze lf wilt. Vroeger dacht ik dat ik a l ies beter wist, maar nu besef ik dat i k  
nog veel kan leren van mijn kleine broertje. Laten we wat vaker rondjes fietsen samen! 
Lieve Sterre, het is prachtig om jou te zien ontdekken hoe mooi het I even is. Je bent het 
stra lende middelpunt van onze microcosmos. 
Lieve Yuk, j ij maakt ons leven samen een g roat feest. Laten we samen b l ijven dansen tot 
we er bij neerval len. 
Man/e 
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